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L-Lysine has been shown to be indispensable for the growth 
of young rats (Osborne and Mendel, 715; Harris et al., ’43; 
Wissler et al., ’48; Kligler and Krehl, ’50, ’52) and for the 
maintenance of body weight in the adult rat (Wolf and Corley, 
39; Neuberger and Webster, °45; Gillespie et al., °45). It 
also is necessary for the maintenance of normal weight in 


the dog (Rose and Rice, ’39). Lysine deficiency causes a 
negative nitrogen balance in man within a few days (Albanese 
et al., *41). In 1943, Harris et al., reported cessation of 
growth, hypoproteinemia, atrophy of the subcutaneous fat 
and muscles and decrease in epiphyseal cartilage growth in 
young rats maintained on lysine-deficient diets. It was demon- 
strated by Kligler and Krehl (’50, 52) that the lack of lysine 
prevented normal growth but allowed limited visceral and 
skeletal development, apparently at the expense of fat and 
carbohydrate reserves. In 1948, Fischer found that the omis- 
sion of lysine from synthetic nutrient media resulted in di- 
minished growth of osteoblasts in tissue cultures. 

In view of the fact that lysine is necessary for normal bone 
growth, the present study was undertaken to determine the 
effect of lysine deficiency on the healing of bone in the adult 
rat. 

EXPERIMENTAL 

One hundred and four young adult, male rats of the 

Sprague-Dawley strain, with an average weight of 232 gm, 
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were individually housed in metal, screen-bottom cages. They 
were weighed, fed and watered daily. 

The basal lysine-free diet (table 1) consisted of zein, glu- 
cose, corn oil, salts and the known vitamins, and was enriched 
by additional amounts of arginine, tryptophan, histidine and 
valine so as to meet the minimal essential amino acid re- 
quirements (Geiger and Hagerty, ’49; Kligler and Krehl, 50). 

TABLE 1 
Composition of basal diet (lysine-free) 
Group A 


COMPONENTS 


% 
Zein * 22.3 
L-arginine 1.0 
DL-valine 1.0 
DL-histidine HCl 0.5 
DL-tryptophan 0.2 
Salt mixture ? 4.0 
Dilute haliver oil * 0.5 
Vitamins * 0.0056 
Corn oil 10.5 
Glucose ° 60.0 


*Zein and amino acids purchased from Nutritional Biochemicals Corporation, 
Cleveland 28, Ohio. 

* Salt mixture as recommended by Hegsted et al. (’41). 

* Parke-Davis haliver oil, 1 ml diluted in 500 ml corn oil. 

* Thiamine chloride 400 ug, calcium pantothenate 1.5 mg, pyridoxine HCl 400 ug, 
riboflavin 800 wg and nicotinic acid 2.5 mg. 

* For group B, glucose 58.76 and L-lysine HCl 1.24 and group C, glucose 56.28 
and L-lysine HCl 3.72 so as to supply 1 and 3% respectively, of active L-lysine. 


The animals were divided into 4 equal groups. Group A 
received the basal, lysine-free diet; group B the basal diet 
containing 1% lysine; and group C the basal diet containing 
3% lysine. These three groups were fed ad libitum. The ani- 
mals of group D, the starvation controls, were given the 
basal diet plus 1% lysine, but in restricted amounts, so that 
their weight loss paralleled that of the lysine-free group A. 

After a 21-day conditioning period on these diets, each 
animal was anesthetized with ether and the skin of each lower 
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hind limb was swabbed with Zephiran solution, followed by 
70% alcohol. The anterior aspect of each tibia was exposed 
by a sharp skin incision, approximately 1.5¢em in length. 
A single longitudinal saw cut was made through the anterior 
cortex in the midportion of each tibia by an electric saw, the 
rotary cutter measuring 3/8” in diameter and 1/32” in width. 
By this method all the bone defects were of the same size while 
the surrounding intact bone served as a splint so that no 
movement or deformity occurred at the operative site. The 
skin incisions were sutured with 4-0 nylon and covered by a 
single application of 4% collodion. 

Two animals from each of the 4 groups were sacrificed at 
one and one-half-day intervals up to 9 days, at three-day 
intervals up to 24 days, and at 32 and 40 days, respectively. 
The thorax was opened and, with the heart still beating, the 
ascending aorta was cannulated via the left ventricle. The 
vascular system was perfused with 40 ml of plasma, followed 
by 50 ml of 10% formalin. This method, modified from that 
suggested by Koenig et al. (’45), results in almost instantane- 
ous fixation of tissues in the living animal with remarkable 
preservation of cytologic detail. The animals then were im- 
mersed in 10% formalin for two to 4 days. The hind limbs 
were removed by cutting through the midshaft of the femurs. 
The right legs were skinned and then decalcified in a formalin- 
trichloracetie acid solution for three and one-half days 
(Hanke, ’33). Transverse blocks were taken from each tibia 
at the operative site, sectioned in paraffin at 6 and stained 
with hematoxylin and eosin and with Masson’s trichrome. 
The left legs were skinned and each leg stained en bloc by 
Lillie’s silver nitrate method (Lillie, ’48), decalcified, sec- 
tioned in paraffin at 6» and stained with Masson’s trichrome. 
In addition, longitudinal sections were taken from the upper 
end of each tibia. 

RESULTS 

The rate and degree of healing were comparable in all 4 
groups. Within 36 hours the gap in the tibia was filled by a 
hematoma composed of fibrin, erythrocytes and neutrophils. 
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From the periosteum fibroblasts were proliferating at the 
cut edges and chondrocytes were developing from the deep, 
or cambium, layer. By 4 1/2 days the hematoma was almost 
completely organized and newly-formed fibrous connective 
tissue streamed through the bone defect into the marrow 





Fig. 1 Healing of defect in tibia at 44 days— Group A (lysine deficiency) 
H and E xX 30. 


cavity (figs. 1 and 2). Spicules of sequestrated bone were 
being surrounded by large multinucleated foreign-body giant 
cells. Osteoid was beginning to appear within the fibrous 
callus and in the subendosteal and subperiosteal cartilaginous 
callus. At 7 1/2 days the fibrous callus was dense, serving 
as a temporary repair and also determining the manner in 
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which the subperiosteal osteoid fills in the defect. By the 9th 
day the subperiosteal osteoid had grown in from each side 
of the defect and turned inwards to fill the gap becoming 
fused with the osteoid within the marrow cavity. At the 
same time marginal calcification transformed the osteoid 





Fig. 2 Healing of defect in tibia at 44 days— Group B (1% lysine) H and 
E X 30. 


into coarse, irregular, anastomosing bony trabeculae which 
bridged the gap. By the 12th day the subperiosteal osteoid 
was becomming transformed into bone and incorporated into 
the cortex. The bony trabeculae became thicker and fused so 
that by the 18th day compact bone was formed and the defect 
was filled. The osteoid which previously filled the marrow 
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cavity was resorbed and replaced by active marrow cells. 
Between 21 and 24 days healing was complete for all practical 
purposes (figs. 3 and 4). By the 32nd day all the defects 
contained a solid mass of bone. In this new bone the Haver- 
sian systems, instead of being arranged circumferentially, 


Fig. 3 Healing of defect in tibia at 24 days—Group A (lysine deficiency) 
H and E xX 30. 


passed through the site of the previous defect perpendicular 
to the cortex. Only in the deepest portion did the bone contour 
lines blend with those of the cortex. 

With minor variations, the healing process proceeded at 
essentially the same rate and was of the same degree in all 
animals of the 4 dietary groups. This similarity in bone heal- 
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ing is in striking contrast to the differences seen in epiphyseal 
growth in the various dietary groups. 

In groups B and C (the animals receiving 1 and 3% lysine, 
respectively), the epiphyseal plate at the upper end of each 
tibia appeared as a thick dise composed of orderly rows of 





Fig. 4 Healing of defect in tibia at 24 days— Group B (1% lysine) H and 
E X 30. 


proliferating cartilage cells with a distal row of discrete 
swollen chondroblasts at the zone of provisional calcification. 
Long, slender, bony trabeculae extended downward into the 
marrow cavity of the diaphysis (fig. 5). In groups A and D 
(the animais receiving the lysine-free diet and the starvation 
controls, respectively), the long bones were smaller. The 
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Fig. 5 lysine) H and E 


xX 150. 


Epiphysis upper end of tibia—Group B (1% 











Fig. 6 Epiphysis at upper end of tibia 
E xX 150. 





Group A (lysine deficiency) H and 
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epiphyseal plates were somewhat narrowed due to a decrease 
in the actual number of proliferating cartilage cells which 
were no longer in orderly columns but had a tendency to be- 
come jumbled and disarrayed. In some sections the hyper- 
trophic chondroblasts at the zone of provisional calcification 
were no longer discrete but closely packed and formed an 
almost continuous layer. The bony trabeculae were stubby, 
widened and irregular and, in some cases, were even com- 
pletely absent, indicating failure of endochondral ossification 
and retardation of growth (fig. 6). 
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Fig. 7 Effeet of lysine on weight. 
Curve A — Basal, lysine-free diet. 
Curve B— Basal diet containing 1% L-lysine. 
Curve C— Basal diet containing 3% L-lysine. 
Curve D— Starvation controls— same diet as B. 


During the course of the experiment, a period of 61 days, 
the groups receiving the 1 and 3% lysine diets both gained 
weight steadily at an average rate of 1.3 gm per day. The ani- 
mals receiving the lysine-free diet, and the starvation controls, 
lost weight steadily at an average rate of 1.0gm per day 
(fig. 7). 

Grossly, the lysine-deficient animals and the starvation 
controls exhibited considerable wasting of muscles, absence 
of subcutaneous fat and retarded skeletal growth. There was 
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a decrease in the size of the thymus, liver and testes out of 
proportion to the diminution in the over-all size of the ani- 
mals. No significant consistent abnormalities, other than the 
atrophy described above, were found upon microscopic ex- 
amination of the viscera. 


DISCUSSION 


The results described clearly show that although both lysine 
deficiency and restricted intake of a nutritionally adequate 
diet cause severe retardation of bone growth, they do not ap- 
preciably affect the healing of bone in the rat. 

Zein, even when enriched with arginine, tryptophan, histi- 
dine, valine and lysine results in good but not optimum growth 
in adult rats. These findings are in accord with those re- 
ported by other investigators (Harris et al., 43; Geiger and 
Hagerty, °49; Kligler and Krehl, 50). Even though the 
over-all growth is not optimum in these experimental animals 
receiving an enriched and theoretically adequate diet, in 
appearance the epiphyseal growth regions are _ histologi- 
cally indistinguishable from those that have been observed 
in casein-fed animals in this laboratory. Furthermore, the 
rate of healing in all groups is similar to that which has been 
described by Urist and McLean (’41) in rats receiving a 
complete stock diet, in that healing is complete within 24 days. 

The quantity of food consumed by the animals of group A 
(lysine-free diet) totaled only 74% of the amount eaten by 
group B (1% lysine diet). This is in accord with the findings 
of Harris et al. (’43) who reported that lysine-deficient ani- 
mals ate less. The loss of weight in animals fed lysine- 
deficient diets apparently is due in part to a decreased caloric 
intake and in part to a deficiency of lysine. Evidence for this 
thesis is the fact that in order for the control animals of 
the starvation group to lose weight at the same rate as the 
animals on the lysine-deficient diets, it was necessary to 
reduce the amount of food fed the control animals by an ad- 
ditional 20%. 
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Retarded skeletal growth in the rat has been demonstrated 
previously in lysine deficiency by Harris et al. (’43), in 
phenylalanine deficiency by Maun et al. (’45a) and Schwartz 
et al. (’51), in leucine deficiency by Maun et al. (’45b), in 
threonine deficiency by Scott and Schwartz (’53), in histidine 
deficiency by Maun et al. (’46) and Scott (’54) and by de- 
creased intake of casein by Frandsen et al. (’54). It thus 
appears that a similar retardation of growth occurs in any 
of the above-mentioned specific amino acid deficiencies as it 
does with an insufficient intake of protein. 

In kwashiorkor, which is a severe chronic protein malnu- 
trition of children, the retarded skeletal growth appears to 
be identical to that occurring in the various deficiencies just 
described (Higginson, 54). It would be interesting to learn 
if there was any difference in the healing of fractures in these 
children. If so, it may be attributed to the fact that not only 
is there chronic protein malnutrition in these cases, but also a 
deficiency of various minerals and vitamins. 


SUMMARY 


Retarded epiphyseal growth results from lysine deficiency 
and starvation, but there is no appreciable interference with 
the healing of bone. 

The effects of lysine deficiency are similar to those that oc- 
cur with restricted food intake and include steady weight loss, 
retarded skeletal and visceral growth and atrophy of subeu- 
taneous fat and muscles. 

Increasing the dietary lysine from 1 to 3% has no effect on 
either growth or bone healing. 

A method for producing uniform lesions in bone for pur- 
poses of making comparative studies of healing has been de- 


scribed. 
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Braude and Johnson (’53) found that the addition of aureo- 
mycin to the diet of pigs caused a significant increase in 
urine output which could not be accounted for by the small 
increase in water intake. The authors suggested, among 
other things, that the antibiotic may have lowered the meta- 
bolic rate of the animals. Robinson et al. (’53) found that 
penicillin did not stimulate the growth of pair-fed pigs whose 
water consumption was controlled while a growth response 
was obtained in similar animals offered water ad libitum. 
Interestingly, excretion of water through urine and faeces 
was higer in penicillin-fed pigs than in the controls when 
water intake equated. Furthermore, water intake was con- 
siderably lower in the treated than in the control pigs when 
water was offered free choice. These results constitute evi- 
dence of greater water economy in pigs fed an antibiotic. 

The present experiments were made to study the sig- 
nificanc 2 of the level of water intake on the growth response 
of poults and chicks to penicillin. 

*This work was supported in part by a grant from Merck and Co., Inc., 


Rahway, N. J. 
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MATERIALS AND METHODS 


The poult experiment involved 8 groups of 10 males and 
10 females per group. The day-old Broad Breasted Bronze 
poults were vent-sexed, weighed individually and assigned 
to experimental groups on the basis of sex and weight. The 
effect of water intake on the growth response to the antibiotic 
was studied under conditions of both free choice and equated 
feed intake. 

For the chick study 4 groups of 20 New Hampshire X 
Columbian Rock male chicks each were used to determine the 
effect of equating the water intake on the growth response to 
penicillin under conditions of ad libitum feeding. In previous 
work in our laboratory (Slinger et al., 54) no growth response 
to penicillin was observed in pair-fed chicks. It was therefore 
considered that little information could be gained by the 
use of pair-fed chicks for the present work. The day-old chicks 
were weighed individually and assigned to the experimental 
groups on the basis of weight. Both the poults and chicks 
were reared in electrically heated battery brooders with 
raised wire floors. Feed and water were supplied daily with 
similar groups of birds on the equalized feed or water intake 
regimes being offered the same amount of feed or water daily 
as was consumed by the groups on the free choice plan 
which consumed the least on the previous day. Water evapora- 
tion was measured daily and the amount of water given to 
the groups whose water intake was controlled included the 
amount which had evaporated from the same type of trough, 
in a similar location in the room, on the previous day. 

Extra groups of birds were carried as spares to replace 
those which died in the experimental groups. These were 
from the same hatch of poults or chicks as the birds on ex- 
periment and were maintained on the test diets. If a bird died 
during the course of the trial it was replaced by one of 
the same sex and weight and which had been receiving the 
same diet. This simplified determination of the amount of feed 
or water to give and, since there was practically no mortality, 
probably introduced no appreciable error. 
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The composition of the poult and chick basal diets used is 
shown in table 1. Procaine penicillin G was included in these 
diets at the rate of 25mg per kilogram for the groups re- 
ceiving the antibiotic. 

Records of feed consumption, water consumption and body 
weight were maintained daily for a 14-day period in the case 


TABLE 1 


Composition of basal diets 











INGREDIENTS POULT DIET CHICK DIET 
% % 

Ground wheat 23.0 50.0 
Ground yellow corn 15.0 10.0 
Ground oat groats 5.0 
Soybean oil meal (44% protein) 43.0 28.0 
Stabilized animal tallow 1.0 
Soybean oil “a, 1.25 
Dehydrated cereal grass 3.0 2.5 
Meat meal (50% proteir) 2.0 1.0 
Fish meal (65% protein) 2.0 3.0 
Dried buttermilk 2.0 2.0 
Ground limestone 2.0 0.75 

teamed bone meal 1.5 1,25 
Todized salt 0.5 0.25 

gm/100 lb. gm/100 lb. 

Vitamin A oil (10,000 I.U./gm) 45.4 22.7 
Dry vitamin D, (1,500 I1.C.U./gm) 45.4 22.7 
Manganese sulfate (65%) 6.0 5.7 
DL-Methionine (feed grade) 11.3 11.3 
Riboflavin 0.15 0.13 
Niacin 0.75 

Vitamin B,, supplement (3 mg/Ib.) 45.4 22.7 





of the poult experiment and for a 28-day period in the 
chick study. The birds were weighed in groups on all but 
the final day of each experiment when they were weighed 
individually. 

RESULTS AND DISCUSSION 


The final weight and feed efficiency data for the poult 
experiment are shown in table 2. The weight data were ex- 
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amined statistically by the method of analysis of variance. 
The effects due to penicillin and method of feeding, as well 
as the interaction between penicillin and method of feeding, 
proved to be highly significant (P < 0.01). The addition of 
penicillin also resulted in consistent improvement in feed 
efficiency. These results are in agreement with the previous 
findings of Slinger and Pepper (’54) and offer further evi- 


TABLE 2 


Effect of water intake on growth response of poults to penicillin 





RESULTS AT 14 DAYS OF AGE 








xo. Civ renoiwo WATER ioe Sl eee ee “ey 

penicillin per per 

poult poult 

bia als ive Dee ae gm Aan % ‘ gm ml 
1 —_— F.C.? F.C.? 171.9 1.59 184 629 3.42 
3 + F.C. F.C. 212.0 23.3 1.37 215 719 3.35 
2 _ F.C. Eq.* 164.3 1.60 174 589 3.38 
+ oe F.C. Eq. 201.5 22.6 1,38 201 589 2.93 
5 — Eq.’ F.C. 156.5 1.66 167 657 3.94 
7 + Eq. F.C. 166.3 6.3 1.50 167 683 4.09 
6 —_ Eq. Eq. 147.0 1.71 156 537 3.43 
8 + Eq. Eq. 159.9 8.8 1.51 156 500 3.20 


*Mean of 10 f + 109 per group. 

* F.C. = Free choice. 

* Eq. = Equated as follows: Group 1 or 3 controlled feed for groups 5 and 7. 
Group 2 or 4 controlled feed for groups 6 and 8. 
Group 1 or 3 controlled water for groups 2 and 4. 
Group 5 or 7 controlled water for groups 6 and 8. 


dence that the growth response of poults to penicillin is 
mediated largely, though not entirely, through increased feed 
consumption. 

Birds whose water intake was equated weighed somewhat 
less in all cases than similar groups receiving water on a 
free-choice basis. This difference proved to be highly sig- 
nificant statistically (P < 0.01). However, the growth res- 
ponse to penicillin did not appear to be materially altered 
by equating water intake with birds receiving feed either 
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ad libitum or on the restricted basis. Statistically, the inter- 
action between penicillin and method of watering was not 
found to be significant at P — 0.05. 

Values for feed and water consumption as well as the 
ratio of milliliters of water to grams of feed are also presented 
in table 2. No difficulty was experienced in getting the groups 
on the controlled-feeding regime to consume all the feed 
offered. However, equating the water intake proved to be 
somewhat of a problem in the case of poults on the controlled- 
feeding program. After the first 5 days the birds fed penicillin 
(group 8) refused to drink the amount of water consumed 
by the group controlling its water consumption (group 5). 
In an attempt to maintain equal daily water consumption 
for groups 6 and 8 after 5 days of age it was therefore 
necessary to restrict the amount of water offered these groups 
to a level below that indicated by the consumption of group 
5. The method followed was to offer groups 6 and 8 the 
maximum amount of water daily which it was considered 
would be consumed by group 8. That this method did not 
prove completely successful is indicated by the water con- 
sumption figures in table 2. Obviously the penicillin-treated 
birds which were most severely restricted in feed had less 
desire for water than similar birds not fed the drug. In 
spite of this, the growth response due to penicillin was just 
as great as with pair-fed birds receiving water free choice. 
Similarly, with birds on the free-choice feeding regime, the 
addition of penicillin resulted in about the same growth 
response regardless of the method of watering in spite of the 
fact that the ratio of water to feed was considerably reduced 
by the antibiotic when water intake was equated. 

In view of the influence of body weight on feed consumption 
it was considered of interest to calculate the daily feed and 
water consumption per unit of body weight. These data have 
been pletied in figure 1 for groups 1 and 3, in which case 
water and feed were fed free choice, and in figure 2 for 
groups 2 and 4, where feed was offered free choice and 
water was restricted. 
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Fig. 1 Effect of penicillin on feed and water consumption per unit of body 
weight in poults given free access to feed and water. 


It may be noted from figure 1 that penicillin caused an 
increase in feed and water consumption on a unit-weight basis 
only during the initial stages of the experiment after which 
there was a decrease in the treated birds as compared with 
the controls. The ratio of water to feed was slightly higher 
for the antibiotic-fed poults than the controls during the first 
7 days (3.85 vs. 3.70) and somewhat lower during the last 7 
days of the experiment (3.16 vs. 3.30). Since the increase 
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Fig. 2 Effect of penicillin on feed and water consumption per unit of body 
weight in poults given free access to feed but with water intake equated. 


in logarithmic growth rate due to penicillin was greatest 
during the first week of the experiment it would appear 
from these data that enhanced water intake per unit of body 
weight may have been a factor, along with the increase in 
feed consumption, in mediating the growth response. On the 
other hand, examination of figure 2 indicates that while 
penicillin caused an increase in feed consumption similar to 
that shown in figure 1, the antibiotic at no time resulted in 
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an increase in water consumption, and, during most of the 
experiment, caused a rather marked decrease in water intake 
per unit of body weight. Since the growth response to 
penicillin was about as great under these conditions as when 
water consumption was increased it may be concluded that 
an increase in water intake is not necessary to elicit the 
growth response from penicillin in turkey poults. 

Feed and water consumption data, on a unit weight basis, 
will not be presented for the groups whose feed intake was 


TABLE 3 


Effect of water intake on growth response of chicks to penicillin 


RESULTS AT 28 DAYS OF AGE 


Water 
PEN METHOD Feed Water con- 
GROUP “ oF r con- con- sump- 
NO. —_ WATER- ee —¥ Feed sump- sump- tion Water/ 
= ING ‘ieilli gain tion tion per feed 
a per per 100 gm 
chick chick body 
wt. 
y gm % 7 gy: gm ml nl 
1 — Free 
choice 406.4 1.95 718 1316 324 1.83 
3 7 Free 
choice 416.3 - 2.4 1.98 750 1321 317 1.76 
2 — Equated* 378.8 1.97 673 1200 317 1.78 
4 + Equated 400.6 5.4 2.00 725 1191 297 1.64 


*Group 1 or 3 controlled water for groups 2 and 4. 


equated. The relatively small growth increases due to peni- 
cillin under these circumstances are obviously not related to 
enhanced feed or water intake. 

The results of the chick experiment at 28 days of age 
are shown in table 3. The use of the antibiotic resulted in 
only small and non-significant increases in weight and no 
improvement in fed efficiency. However, it is of interest 
that the growth response was at least as great with chicks 
whose water intake was restricted as when water was given 
ad libitum. Furthermore, penicillin caused a reduction in 
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both water consumption per unit of body weight and in 
the ratio of water to feed regardless of the method of 
watering. The results suggest that in the chick, as in the 
poult, increased water intake is not necessary to evoke the 
growth response from penicillin. 

The chicks on the equated water regime which were fed 
penicillin refused, on several occasions, to consume tle full 
amount of water indicated by the group controlling their 
water intake. This accounts for the slight discrepancy in 
absolute water consumption between groups 2 and 4. The data 
indicate that chicks fed jenicillin had less desire for water, 
regardless of the system of watering, than the controls. These 
results are in essential agreement with those from the turkey 
experiment and suggest that penicillin tends to have a 
‘‘sparing’’ effect on the water requirement of chicks and 
poults. 

The method of equalizing water intake in these experiments 
involved some restriction since the birds on the controlled 
regime were a day behind the controls. It is of interest that 
in both the poult and chick work restricting the water intake 
caused a lowering of feed consumption and of body weight 
gains. This is in agreement with the observation of Crampton 
and Lloyd (’54) in work with rats. It is also noteworthy that 
turkey poults consumed considerably more water in relation 
to feed than did chicks. This is probably related to the 
difference in composition of the diets used. 


SUMMARY 


The effect of water intake on the growth response of turkey 
poults to penicillin was studied under conditions of both free 
choice and equated feed intake. Regardless of the method 
of feeding, the addition of penicillin resulted in about the 
same growth response in poults whose water intake was 
restricted as in those receiving water ad libitum. The inter- 
action between penicillin and method of watering was not 
statistically significant. 
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A further study was made to determine the effect of equat- 
ing water intake on the growth response of chicks to penicillin 
under conditions of free-choice feeding. While the in- 
creases in weight due to penicillin were not significant the 
response was at least as great with chicks whose water intake 
was restricted as when water was offered free choice. 

In general, chicks and poults fed penicillin exhibited less 
desire for water than the controls. The results indicate that 
increased water intake is not necessary to elicit the penicillin 
growth response and that penicillin tends to have a ‘‘sparing”’ 
effect on the water requirement of these species. 
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ONE FIGURE 
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Since the discovery of vitamin B,, by Rickes and associates 
(’48) and Smith (’48), numerous reports have been pre- 
sented giving results which indicated the existence of other 
unidentified factors. The earlier reports dealing with the 
unidentified factors required for chick growth have been re- 
viewed by Combs (’51). 

Miller (’51), and Miller, Small, and Norris (’55) showed 
that the hemorrhagic and paralytic symptoms, previously 
reported by Carlson and associates (’49) as evidence of a de- 
ficiency of an unidentified factor, were largely due to the de- 
struction of a-tocopheryl acetate and thiamine by the sulfite 
in the isolated soybean protein ? used in the experimental diet. 
Miller (’51) found on washing out the sulfite from alpha- 
protein, however, that the poor growth preceding the develop- 
ment of these symptoms was caused in part at least by a 
deficiency of an unidentified factor(s) present in dried brew- 
ers’ yeast. 

*This work was supported in part by grants to Cornell University by The 
Nutrition Foundation, New York, New York; Distillers Feed Research Council, 
Cincinnati, Ohio; The Squibb Institute for Medical Research, New Brunswick, 
New Jersey; and Western Condensing Company, Appleton, Wisconsin. The 
studies were conducted in the Nutrition Laboratories of the Department of 


Poultry Husbandry. 
* Alpha-protein, The Glidden Company, Chicago, Illinois. 
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Menge and associates (’52a) presented evidence of the 
existence of two unidentified chick-growth factors, one of 
which was in certain liver fractions and dried brewers’ yeast, 
and the other of which was in dried whey and dried whey 
product. Menge and Combs (’52) found as a result of counter- 
current distribution studies that liver concentrates contained 
either two forms of the same growth factor or two distinct 
ones. Menge et al. (’52b) described some of the properties 
of an unidentified chick growth factor in condensed fish solu- 
bles. Fuller, Carrick and Hauge (’52) concluded that fish 
solubles contained an unidentified factor required for chick 
growth which is different from a factor in dried whey. Diet- 
rich, Monson and Elvehjem (’52) obtained evidence of an 
unknown growth factor in yeast, liver, casein and wheat 
bran required by the chick and the hyperthyroid rat. Wiese 
et al. (’53) reported that fish solubles, fish meal and dried 
whey contained a chick-growth factor which is not present in 
liver preparations. Young, Gillis and Norris (’53) found that 
a purified diet believed complete in known nutrients was de- 
ficient in an unidentified chick-growth factor present in 
alcohol-extracted peanut meal. 

Novak and Hauge (’48a, b) reported the isolation of an 
unknown factor in distillers’ dried solubles, required for rat 
growth. They tentatively called the factor vitamin B,; and 
described some of its properties. Manna and Hauge (’53) 
presented evidence which indicated a relationship between 
vitamin B,, and orotic acid and suggested that the latter is a 
decomposition product of the vitamin. 

Schultze (’53a, b) found that rats required an unknown 
lactation factor, different from any of the known vitamins, 
which is closely associated with proteins. Ershoff (’52) re- 
viewed his previous work and that of others showing that 
liver contained an unknown factor which counteracted the 
deleterious effects of various stress agents on rats, and pre- 
sented evidence of a factor in liver distinct from any of the 
known B vitamins which protected rats against multiple sub- 
lethal doses of X-irradiation. 
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Work on unidentified chick-growth factors has been cun- 
tinued ai this laboratory since the presentation of the reports 
of Carlson and associates (’49), Miller (’51) and Young, 
Gillis and Norris (’53). The results of some of this work are 
presented in this report. They provide further evidence of 
the existence of unknown chick-growth factors not identical 
with any nutrient previously reported to be required. 


EXPERIMENTAL 


Either purebred or crossbred day-old chicks of the Am- 
erican breeds were used in this work. The chicks were identi- 
fied with numbered wingbands, weighed individually at the 
start of the experiments and weekly thereafter. They were 
housed in electrically heated battery brooders equipped with 
wire-mesh floors which prevented coprophagy. The duration 
of the experiments varied from 28 to 33 days. Feed and 
water were supplied ad libitum, and a record of feed con- 
sumption was made at the end of each week. 

A purified diet was used in the investigation. The compo- 
sition of the diet is given in table 1. The protein content 
of the diet was 20.5%. Whenever materials containing pro- 
tein were included in the diet, appropriate adjustments were 
made in the purified protein in order to maintain a uniform 
protein content. 

The vitamin mixture provided quantities of vitamins or 
vitamin activity, except vitamin B,,, in excess of National 
Research Council (’54) requirements. The amount of vita- 
min B,,. was greatly in excess of that found by Norris, Miller 
and Yacowitz (’50) to be required for normal chick growth 
and prevention of mortality. The mineral mixture provided 
quantities of the essential mineral elements equal to or in 
excess of the National Research Council (’54) requirements. 
No values on chlorine, sodium, zine and cobalt, however, are 
given in the requirement tables of the Council. The sodium 
content of the diet was set, therefore, at 0.24%, the amount 
found necessary for maximum chick growth by Small and 
Norris (’55). The quantity of chlorine was in excess of that 
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reported to be needed by Burns, Cravens and Philips (’53). 
Davis, Briggs and Sloan (’53) found that cobalt was not 
required by the chick when the diet contained sufficient vita- 
min B,.. The quantity of zinc was believed to be more than 
adequate. 

The casein used in the basal diet was purified either by 
washing 5 times in an acid-salt solution at pH 2.5 followed 


TABLE 1 


Composition of basal diet 




















INGREDIENT AMOUNT/ 100 GM INGREDIENT AMOUNT/ 100 GM 
gm mg 
Glucose * 64.98 Choline Cl 150.00 
Purified casein 21.79 Niacin 5.00 
Cellophane, ground 3.00 Caleium pantothenate 2.00 
Hydrogenated fat 3.00 a-Tocopheryl acetate 2.00 
Glycine 0.80 Riboflavin 1.00 
L-Arginine HCl 0.625 Pyridoxine HCl 0.45 
DL- Methionine 0.30 Thiamine HCl 0.40 
Diealeium phosphate 2.55 Folie acid 0.20 
Limestone, ground 0.95 Menadione 0.04 
Iodized salt 0.60 Biotin 0.02 
K,HPO, 0.555 
Magnesium sulfate 0.25 
ug 
mg Vitamin B,, 0.50 
FeSO,-7H,O 54.0 
MnSO,-H,0 35.8 1.U. 
KI 3.0 Vitamin A 445.0 
CuSO,-5H,0 1.5 Vitamin D, 30.0 
ZnCl, 1.0 
CoCl,-6H,O 0.2 
* Cerelose. 


by three washings at pH 4.7, or by dissolving in water at 
pH 7.2 followed by re-precipitation at pH 4.7. The latter 
procedure was repeated twice. In both procedures the solu- 
tion was removed by decantation. After the last decanta- 
tion, the casein was pressed and the press cake dried in a 
forced draft oven at 60 to 70°C. 

The purified casein was analyzed for essential amino acids. 
Glycine and cystine were determined in this laboratory and 
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the other essential amino acids by the Department of Bio- 
chemistry.* The amino acid content of the basal diet was 
calculated from the results of these analyses. After rectifying 
deficiencies of methionine and glycine, the content of the diet 
in essential amino acids equalled or exceeded the National 
Research Council requirements (’54). 


TABLE 2 


Nutritive adequacy of basal diet 


AV. WT. INCREASE 











antacid 28 DAYS OVER BASAL 
Py ae mt = gm eg 
None (basal diet) 283 (123)? 
-- double all vitamins 284 (46) + 0.35 
+ double trace elements?” 263 (33) — 7.07 
+ arginine and tryptophan + 7.5% defatted liver * 311 (33) + 8.94 
+5% defatted dried liver 345 (55) + 21.91 
+ 7.5% defatted dried liver 338 (53) + 19.43 
+ 3% fish solubles 333 (40) + 17.67 
+ 4.5% fish solubles 348 (15) + 22.97 
+ 5% defatted dried liver + 3% fish solubles 383 (54) + 35.34 
+ 7.5% defatted dried liver + 3% fish solubles 395 (16) + 39.58 
+ 7.5% defatted dried liver + 4.5% fish solubles 371 (17) + 31.10 


* Numbers in parentheses indicate surviving NH, RIR X-BPR, or NH X WPR 
chicks. 

? Fe, I, Cu, Zn, and Co; also traces Mo and F. 

* L-Arginine, 0.146% ; L-tryptophan, 0.015%. 





RESULTS AND DISCUSSION 


Experiments were conducted to ascertain if the purified 
diet used in this investigation was complete in known nutri- 
ents. The results of the experiments are given in table 2. 
They showed that doubling the quantity of the known vita- 
mins except inositol promoted no further increase in growth. 
Doubling the trace elements: iron, copper, iodine, zine and 
cobalt, plus traces of molybdenum and fluorine also failed 
to increase the growth of the chicks. Adding extra arginine 
and tryptophan, equal to the quantity supplied by 7.5% of 
dried liver, and in excess of that supplied by 5% of dried 


* These analyses were made through the courtesy of Dr. H. H. Williams. 
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liver plus 3% of fish solubles, improved growth slightly but 
not significantly. In further work, not presented here, doub- 
ling all the vitamins including inositol, increasing the quantity 
of the essential minerals alone and in various combinations, 
and raising the quantity of essential amino acids by 10% 
failed to improve growth. 

On the other hand, when dried liver was included in the 
basal diet, the increase in growth amounted to approximately 
21%, when fish solubles were included to about 20%, and, 
when both liver and fish solubles were supplied, to about 
35%. The results of this work indicated, therefore, that the 
improved growth obtained by supplementing the purified 
basal diet with crude sources of unidentified factors was not 
due to the presence of known nutrients in these materials 
but rather to unidentified growth stimulating agents. 

The results of the experimental work also showed that 3% 
of fish solubles and 5% of dried liver when fed alone were 
sufficient to promote maximum response from these products. 
Hence, the further increase in growth observed when these 
products were fed together indicated the existence of at 
least two unidentified growth factors, one present in dried 
liver and the other in fish solubles. 

In view of the marked growth response obtained by sup- 
plementing the purified diet with dried liver, a study was 
made of various fractions prepared from it.‘ These included 
liver residue, liver concentrate, liver fraction 1 and liver 
fraction 2. The liver concentrate was prepared from ground 
fresh liver by extraction with water followed by concen- 
tration. The extracted material was designated liver residue. 
Liver fraction 1 was obtained by extracting the liver con- 
centrate with 70% ethanol and subsequent concentration. 
The ethanol insoluble residue was called liver fraction 2. 
These fractions were fed to chicks according to the plan 
given in table 3. The results, also presented in this table, 
showed that liver concentrate, liver fraction 1 and liver 


*These fractions were obtained from the Wilson Research Laboratories, 
Chicago, Illinois. 
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fraction 2 increased the growth of the chicks, while liver 
residue was inactive. Liver fraction 1 appeared to be much 
more active than liver fraction 2. At the level used, how- 
ever, liver fraction 1 failed to promote as good growth 
as dried liver. 

TABLE 3 


Growth response with liver fractions 








TREATMENT 28 pays OVER BABAL 
gm % 

None (basal diet) 263 (19)? — 
+ 7.0% dried liver 347 (19) + 31.94 
+ 6.0% liver residue 267 (19) + 1,52 
+ 2.0% liver concentrate 322 (20) + 22.43 
+ 1.5% liver fraction 1 332 (20) + 26.24 
+ 1.5% liver fraction 2 302 (19) + 14.83 











* Numbers in parentheses indicate surviving NH X WPR chicks. 


TABLE 4 


Quantity of liver fraction 1 needed for maximum response 











TREATMENT 32 paYs OvER BASAL 
gm %o 

None (basal diet) 356 (16)? what 
+ 1.0% liver fraction 1 380 (16) + 6.74 
+ 1.5% liver fraction 1 410 (16) + 15.69 
+ 2.0% liver fraction 1 428 (13) + 20.22 
+ 2.5% liver fraction 1 398 (18) + 11.80 
+ 3.0% liver fraction 1 407 (16) + 14.33 
+ 7.5% defatted dried liver 405 (17) + 13.76 








* Numbers in parentheses indicate surviving NH X WPR chicks. 


After determining that liver fraction 1 was highly active 
in the unknown growth-promoting factor, a study was made 
to determine the quantity needed to promote maximum growth 
response. This was done by feeding graded levels of the 
fraction and comparing the responses with the response ob- 
tained by feeding 7.5% of defatted dried liver. The results 
of this experiment are presented in table 4. They showed 
that 1.5% of liver fraction 1 in the diet was enough to pro- 
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mote maximum growth response. The growth of the chicks 
fed the basal diet, however, was superior to that observed 
in the previous or subsequent experiments. 

After completing this experiment, an attempt was made 
to reduce the solids content of liver fraction 1 by extracting 
with phenol. After extraction, the phenol was dissolved in 
ethyl ether and the active substance was removed by washing 
with water. This was repeated 5 times. The combined water 
washings were then concentrated under partial vacuum. After 
concentration, traces of phenol were removed by washing 
5 more times with ethyl ether. This procedure reduced the 


TABLE 5 


Growth-promoting activity of phenol-soluble fraction of liver fraction 1 








AV. WT. AV. WT. INCREASE 
TREATMENT 28 DAYS 28-33 DAYS OVER BASAL 
(Exp. 1) (Exp. 1, 2, 3) (Exp. 1, 2, 3) 
gm gm %o 
None (basal diet) 287 (16)? 288 (54) 
+ phenol-soluble fraction 
<> 2% liver fraction 1 342 (14) 348 (52) + 20.8 
+ phenol-insoluble fraction 
< 2% liver fraction 1 278 (16) Lap ; 
+ 1.5% liver fraction 1 307 (15) 319 (55) + 10.8 





*Numbers in parentheses indicate surviving RIR X BPR and NH XK WPR 
chicks. 


total solids content of liver fraction 1 approximately 39% 
and the total ash content approximately 60%. 

The phenol-soluble fraction was fed at a level equivalent 
to 2% of liver fraction 1 in three experiments. The phenol- 
insoluble fraction was fed at a level equivalent to 2% in the 
first experiment only. Liver fraction 1 was fed at a level 
of 1.5% as a positive control. The results of these experi- 
ments are presented in table 5. The results showed that the 
phenol-soluble fraction promoted a marked increase in growth 
while the phenol-insoluble fraction was inactive. The increase 
in growth was approximately twice as great as that obtained 
with 1.5% of liver fraction 1. The difference is believed 
to be due to the fact that the chicks used in these experiments 
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had smaller reserves of the liver factor at the time of hatch- 
ing than those used in the previous experiment, and thus 
1.5% of liver fraction 1 was nut sufficient to promote maxi- 
mum growth response. 

After ascertaining that the phenol-soluble extract of liver 
fraction 1 was highly active, a quantity of the phenol-soluble 
fraction equivalent to a dietary level of 8% of liver fraction 
1 (1090 gm) was subjected to further fractionation by means 
of Craig’s (’44) counter-current distribution procedure. An 
8-plate counter-current distribution system was used. The 
upper layer of the system was composed of 50% phenol and 
50% n-butanol, and the lower layer was composed of distilled 
water containing 3% of glacial acetic acid and sufficient hy- 
drochloric acid to bring the pH to 2.5. The two layers were 
brought into equilibrium by shaking. Two-liter separatory 
funnels were used as the counter-current tubes. After com- 
pletion of the procedure, the material in the tubes was sub- 
jected to the treatment to remove phenol used in preparing 
the phenol-soluble extract and then concentrated to approxi- 
mately 250ml by means of the rotary vacuum distillation 
apparatus described by Craig, Gregory and Hausmann (’50). 
A second counter-current distribution was completed in the 
same manner as the first. 

The contents of each tube from the two counter-current 
distributions were fed to different groups of chicks in separate 
experiments. Groups of chicks fed the basal ration only, liver 
fraction 1 and the phenol-soluble fraction equivalent to 2% 
liver fraction 1 were included in both experiments. 

The final weights of the comparable lots of chicks were 
averaged and are presented in graphic form in figure 1. Cal- 
culated counter-current distribution curves and curves giving 
the amount of organic and inorganic solids supplied by each 
tube per 100 gm of diet are also presented in figure 1. The 
counter-current distribution curves were calculated from the 
growth data obtained by feeding the material in tubes 0, 4, 
and 6. No growth was obtained from the material in tube 6, 
while that promoted by the material in tubes 0 and 4 was 
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Fig. 1 Ourves giving the results of studies on the fractionation of the 
phenol-soluble fraction of liver fraction 1. 
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less than maximum. Thus it was necessary to calculate 
counter-current distribution curves. which would show little 
growth-promoting material in tube 6, insufficient in tubes 
0 and 4 to promote maximum growth, and enough in tubes 
1, 2, and 3 and tubes 7 and 8 to promote highest response from 
the material in the tubes. 

The results showed that the original phenol extract of 
liver fraction 1 contained at least two growth-promoting 
factors, neither of which according to previous work appeared 
to be identical with the fish solubles factor. One of these, 
according to the calculations, appeared to be 74% soluble in 
the phenol-butanol layer, and the other 98% soluble in the 
water layer. The factor in the phenol-butanol layer was 
present in sufficient amounts in tubes 1, 2, and 3 to promote 
maximum growth response from it under the experimental 
conditions. Thus, when the growth responses were plotted, 
the curve showed a plateau rather than the characteristic 
peak of a typical counter-current distribution curve. In spite 
of this, the growth responses obtained with the chicks were 
found to fit reasonably well the calculated counter-current 
distribution curve for the phenol-butanol soluble factor. 

Tubes 7 and 8 also contained more of the water-soluble 
factor than was required for maximum growth response. 
When this is taken into consideration, these responses fitted 
approximately the calculated curve for the water-soluble 
factor. 

The quantity of organic matter supplied by tube 1, which 
amounted to 13.1 mg per 100 gm of diet, represented a con- 
centration of the more phenol-butanol-soluble factor of ap- 
proximately 130 times. The material in this tube and in 
tubes 2 and 3, which contained somewhat more organic mat- 
ter, therefore seemed suitable for more detailed counter- 
current distribution study. 

Practically all of the mineral matter, presumably because 
of high solubility in water, was found in tubes 7 and 8. These 
two tubes proved to be the only ones containing significant 
amounts of the water-soluble factor. In view of recent find- 
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ings by Morrison, Scott, and Norris (55), it seems possible 
that the growth response obtained from these tubes was not 
due to an organic factor but rather to a mineral or minerals 
not previously reported to be required by the chick. The 
close correlation between the calculated counter-current dis- 
tribution curve for the water soluble factor and the curve 
for the inorganic matter provided by each tube per 100 gm 
of diet, and the lack of correlation with the curve for the 
organic matter supports this hypothesis. The more phenol- 
butanol soluble factor on the other hand appeared to be 
organic in nature, as the amount of ash per 100 gm of diet 
supplied by tube 1 was 1.09 mg, while the quantities supplied 
by tubes 7 and 8 were 88.4 and 324.9 mg respectively. 

In the first counter-current distribution study, the phenol 
soluble fraction promoted a considerably higher rate of 
growth than the fractions in tubes 1, 2, and 3, but the com- 
bined average responses from the fractions in these tubes 
and tubes 7 and 8 were nearly equal to that obtained with the 
phenol soluble fraction. This provided further evidence that 
the factor present in tubes 1, 2, and 3 was distinct from the 
factor present in tubes 7 and 8. 

The response from the phenol soluble fraction used in the 
second counter-current distribution study was out of line 
for reasons which are not clear. In the last 5 days of the 
experiment, 5 chicks of this lot made little or no gain and 
the average increase in weight of all chicks (296gm) was 
slightly less than the response obtained with liver fraction 
1 (313 gm), in contrast to the consistently higher growth re- 
sults of earlier experiments. Thus, evidence of the additive 
effect of the factor in tubes 1, 2, and 3, and that in tubes 7 
and 8, observed in the first counter-current distribution study, 
was not obtained in the second one. 

The increase in weight over the basal lot promoted by 
0.22% of liver fraction 1 equivalent of the phenol-butanol 
soluble factor was 28 gm, that promoted by 0.77% of liver 
fraction 1 equivalent was 47 gm and that promoted by 1.75% 
of liver fraction 1 equivalent, a quantity believed just suffi- 
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cient to promote top response, was 66gm. The growth re- 
sponses obtained with the phenol-butanol soluble factor, 
therefore, were not proportional to the quantity of the factor 
supplied the chicks. This suggests the possibility that the 
phenol-butanol soluble factor exerts a sparing effect upon 
at least one of the other unknown chick growth factors, but 
does not completely replace it. 

The work by Morrison, Scott and Norris (’55) showed that 
one or more organic factors were required for normal growth 
as well as the unidentified growth promoting mineral(s). In 
all probability the phenol-butanol soluble factor is at least 
one of these organic factors. Whether or not the phenol- 
butanol soluble factor is a complex cannot be determined 
without resorting to a counter-current distribution system 
consisting of more plates than were used in this investigation. 


SUMMARY 


Experiments have been completed the results of which 
showed that chicks require for normal growth two factors 
present in liver not identical with any nutrient previously 
reported to be needed. Both factors were found to be present 
in a 70% ethanol extract of the concentrated water-soluble 
material of liver. The results of counter-current distribution 
indicated that one of the factors is organic in nature and the 
other probably inorganic. Evidence was also obtained of the 
presence of a third chick growth factor in fish solubles. 
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Prior to the isolation of vitamin B,. evidence was ac- 
cumulated on the existence of an unidentified hatchability and 
growth factor in dried whey (Bethke et al., ’°33; Nestler et al., 
36; Hill et al., 44; Hill, 48). It has been possible to evaluate 
the activity of dried whey and other unidentified factor 
supplements since the isolation of vitamin B,. (Rickes et 
al., ’48; Lillie et al., 48; Ott et al., °48; Nichol et al., ’48). 

Menge et al. (’49) obtained better growth with chicks on a 
purified diet in the presence of vitamin B,., when Wilson’s 
liver fraction ‘‘L’’ and dried whey were added to the basal 
diet. The results indicated that at least one factor was 
required for optimum growth in addition to the known vita- 
mins. Subsequent studies by other workers indicated that 
whey contained a factor or factors required for growth of 
chicks (Reed et al., 51; Arscott and Combs, ’50; Couch et al., 
51; Combs et al., 54). Norris et al. (’53) reported that the 
factors found in fish solubles and in dried whey was different 
from that found in liver preparations and dried brewers’ 
yeast. Dried whey has been reported to stimulate egg pro- 
duction, and to a lesser extent hatchability (Couch et al., ’50). 

The present study was designed to determine the effect of 
dried whey on the growth, egg production, and hatchability. 
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MATERIALS AND METHODS 


Experiment 1 Three hundred and fifty Single-Comb White 
Leghorn sexed females, from dams maintained on the Agri- 
cultural and Mechanical College of Texas Poultry Farm, 
were hatched on February 22, 1954, and placed on battery 
brooders with raised wire floors. The chicks were previously 
wing-banded and vaccinated intraocularly with live-virus 
Newcastle vaccine. A practical diet consisting of 56% ground 
yellow corn, 40% soybean oil meal (44% protein), 2% dical- 
cium phosphate, 1.5% ground oyster shell, 0.5% salt sapple- 
mented with the following per kilogram of diet: 5 mg ribo- 
flavin, 11 mg calcium pantothenate, 28mg niacin, 880mg 
choline chloride, 6.6 yg vitamin B,, 4,400 LU. vitamin A, 
1320 I.C.U. vitamin D;, 5.5 mg bacitracin, 2.2 mg penicillin, 
13.2 mg vitamin K, and 0.176 gm MnSQ, was fed to all groups 
for the first 67 days of the study. 

At 67 days of age, the chicks were individually weighed and 
distributed into two groups of 163 birds each. At that time 
the chicks were dubbed, debeaked, and vaccinated against 
Newcastle disease and Fow] Pox. 

The chicks in group 1 were fed a purified diet consisting of 
65% sucrose, 24% Drackett assay protein,' 3% soybean oil, 
and 8% mineral mixture. The mineral mix supplied the 
following amounts per 100 grams of diet: 1.865 gm CaCO,, 
3.283 gm CaHP,, 0.95 gm NaCl, 0.114 gm MnSO, - 7H,0, 3.925 
mg KI, 0.893 gm K,HPO,, 0.450 gm MgSO, - 7H,O, 0.158 gm 
FeC,H,0, - 6H,O, 1.675 mg CuSO, - 5H,0, 1.375 mg ZnCl,, and 
0.050 mg CoC], : 6H.O. Vitamins in milligrams per kilogram 
of diet were added as follows: thiamine hydrochloride 4, 
riboflavin 6, calcium pantothenate 15, niacin 100, pyridoxine 
hydrochloride 4, para-amino-benzoic acid 20, menadione 0.5, 
alpha tocophery] acetate 24, pteroylglutamic acid 2, biotin 0.2, 
inositol 1,000, choline chloride 2,000 and vitamin B,, 0.03. 
Each kilogram of diet also contained 3,800 I.C.U. vitamin D,, 
10,000 I.U. vitamin A, 7.5 gm methionine, 4gm glycine and 


*The Drackett Co., Cincinnati, Ohio. 
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33 mg penicillin. Group 2 was fed the basal diet in which 
4% dried whey was substituted for an equivalent amount 
of sucrose. 

Prior to sexual maturity (143 days of age) the pullets in 
each group were weighed and placed in individual laying 
cages with raised wire floors. The management and experi- 
mental procedures with regard to the care and handling of 
the birds, insemination, incubation and embryonic mortality 
records were the same as those previously reported by 
Couch et al. (’50). The experimental diets were altered to 
increase the calcium and phosphorus levels to 2.5 and 1.0%, 
respectively, to meet the requirements for egg production. 

At the close of a 12-week period the pullets remaining in 
the unsupplemented group in the first study were distributed 
on the basis of egg production and hatchability into two 
groups, 1 and 2 respectively. Group 1 was continued on the 
basal diet and group 2 was fed the basal diet supplemented 
with 4% of dried whey for a period of 4 weeks. 

Experiment 2. One hundred and thirty-five pullet chicks 
hatched on September 18, 1954 were used in this study. The 
birds were raised on the practical diet to 86 days of age 
and then placed on the experimental purified diets; one group 
was fed the purified basal diet unsupplemented and the 
other group was fed the ration supplemented with dried whey. 
Management of the birds was the same as has been reported 
for the previous study with the exception that the birds were 
placed in individual laying cages at 132 days of age. 


RESULTS AND DISCUSSION 


Dried whey was found to contain an unidentified factor 
required by pullets for optimum growth and development 
(table 1, experiments 1 and 2). At 143 days of age, the average 
weight of the pullets (table 1) fed the whey supplement in 
experiment 1 was found to be 68.5gm more than that of 
the pullets fed the unsupplemented diet. These differences 
in weight were found to be significant at the 0.01 level of 
probability. 
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The results obtained with the fall-hatched pullets (table 
1, experiment 2) showed an increase in growth upon the 
addition of dried whey to the diet during the period from 
12 weeks to sexual maturity. The birds fed the dried whey- 
supplemented diet in this experiment exhibited a 129-gram 
increase in growth; this difference was found to be significant 
at the 0.01 level of probability. 

Studies of the ‘‘whey chick growth factor’’ have been 
extensively reviewed in the literature (Reed et al., 51; Arscott 
and Combs, ’50; Combs et al. 54). Most studies have 
measured the effect of dried whey by means of 4-, 8- or 


TABLE 1 


Effect of dried whey on growth of pullet chicks 








EXPERIMENT 1 EXPERIMENT 2 





SUPPLEMENTS TO 





Gnour BASAL DIET No. Av. wt. No. ~ Ay. wt.? I 
birds at 143 days birds at 132 days 
1 None 144 1568 56 1230 
2 4% Dried whey 144 1636 * 52 1359 * 








*The average weights of the two groups of this experiment were 848 and 843 
gm, respectively, when placed on the experimental diets at 67 days of age. 

*?The average weights of the two groups of this experiment were 953 and 968 
gm, respectively, when placed on the experimental diets at 86 days of age. 

*The differences in weights due to dried whey were found to be significant at 
the 0.01 level of probability. 


10-week chick-growth assays. In these experiments it was 
found that the beneficial effect of dried whey on the growth 
of the chicks extended to 20 weeks of age. 

In the first study the age at sexual maturity was found 
to be affected by the addition of the dried whey to the 
diet of pullets at 67 days of age (table 2). The percentage 
of the pullets in egg production at 150 days of age for groups 
1 and 2 was 15.9 and 22.2, respectively. At every 5-day 
interval thereafter, the pullets in the group fed the supple- 
mented diet (group 2, table 2) exhibited a higher percentage 
of birds in egg production than those in the unsupplemented 
group (group 1, table 2). At the end of 175 days 94.8% of 
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the pullets in the whey-supplemented group had reached 
sexual maturity as evidenced by the egg production record, 
whereas only 62.2% of the pullets in the basal group had 
reached a similar state of maturity. 

An unidentified factor in dried whey was found to be re- 
quired for normal egg production in hens fed a purified diet. 


TABLE 2 


Effect of dried whey on the sexual maturity of single-comb White Leghorn pullets 
reared on a purified soybean-protein diet from 12 to 22 weeks of age 


Experiment 1 





PER CENT OF PULLETS REACHING SEXUAL 
MATURITY 

















GROUP SUPPLEMENTS TO t: ae 6 it Oa 
wo. BASAL DIBT Days after hatching 
150 155 160 165 170 175 
1 None 15.9 30.1 38.5 50.2 58.5 62.2 
2 4% Dried whey 22.2 35.4 52.6 62.7 81.4 94.8 
TABLE 3 


Effect of dried whey in a purified growing diet on resultant egg production and 
hatchability of single-comb White Leghorn pullets 











oO, ° 
GROUP SUPPLEMENTS TO NUMBER OF ca % BGG PRODUCTION eax ym 
No. BASAL DIET BIRDS 0-4 wk. 5-8 wk. 9— 12 wk. (6-12 wk.) 





Experiment 1 


1 None 144 13.7 21.6 30.8 34.8 
2 4% Dried whey 144 18.8 35.9 59.9 44.2 
Experiment 2 
1 None 56 4.5 23.4 33.1 
2 4% Dried whey 52 5.2 38.2 51.8 





During each 4-week interval the egg production of hens fed 
the dried whey supplement was higher than that of birds 
fed the basal diet in both studies (table 3). The low levels 
of egg production in all groups of both experiments during 
the first 4 weeks of the experimental period were due to the 
low intensity of egg production during the early part of the 
laying period. As pullets in the supplemented and unsupple- 
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mented groups of both experiments approached the maximum 
level of egg production, the difference in production between 
the two groups became more apparent. During the last 
4-week interval the egg production of the hens fed the whey 
supplement was 29.1 and 18.7% higher for the two experi- 
ments, respectively, than of hens fed the basal diet. The 
results are in agreement with those of Couch et al. (’50) 
in that dried whey produced an increase in egg production. 

Evidence obtained in the present investigation points to 
the fact that dried whey is an inadequate source of hatch- 
ability factors. The hatchability of eggs from hens fed the 


TABLE 4 


The effect of adding 4% dried whey on egg production and hatchability after 
single-comb White Leghorn pullets have been reared (12-22 weeks) on a 
purified soybean protein-sucrose dict and have been 
in production for 12 weeks 


Experiment 1 


%o 





GROUP SUPPLEMENTS TO NUMBER OF % ¥GG PRODUCTION 
’ - 2 HATCHABILITY 
No. BASAL DIET BIRDS (13-16 weeks)! (13-16 weeks) 
1 None 45 32.6 28.8 
2 4% Dried whey 45 47.3 40.1 





*The basal group of experiment 1 was divided into two groups of equal egg 
production and hatchability. 


basal diet and the whey-supplemented diet in experiment 1 
was below normal (34.8% and 44.2%, respectively, table 3). 
The slight difference (9.5%) in hatchability of eggs from 
hens in group 2 over those in group 1 in this experiment 
may be due either to the accelerated rate of egg production 
of hens receiving the supplement (Byerly et al., ’33; Funk, 
34) or as postulated by Couch et al. (’50) whey may stimulate 
the intestinal synthesis of a factor required for hatchability. 

Dried whey increased egg production when substituted for 
sucrose in the basal diet after hens were in production for 12 
weeks (table 4). The egg production of the hens in group 
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1, fed the unsupplemented diet, remained relatively the same 
(table 3), while the egg production of those in group 2 
increased by 14.7%, which may be attributed to the addition 
of dried whey to the diet. 

A slight effect of dried whey on hatchability was also 
observed during the course of this study. The level of hatch- 
ability of fertile eggs from hens in both groups (groups 1 
and 2, table 4) was below normal which points to the need 
for the liver ‘‘L’’ hatchability factor (Couch et al., °50). 


SUMMARY 


Two experiments were conducted with a total of 486 pullets. 

Evidence was presented for the presence of an uniden- 
tified factor(s) required by pullets for growth and egg produc- 
tion. 

Dried whey was found to be a good source of the growth and 
egg production factor(s) at the level used in these experi- 
ments. 

Dried whey failed to support normal hatchability and there- 
fore, may be considered as an inadequate source of hatch- 
ability factors under the conditions of these studies. 
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Stimulation of the growth of many animals occurs as a 
result of continued oral or parenteral administration of 
aureomycin and penicillin. According to Sewell and Glass- 
cock (’51) growth-promoting effects of antibiotics vary with 
the species of animal, providing the basal diet is complete. 
The mode of action of the drugs in producing growth, how- 
ever, has not been definitely established, although studies 
show the antibiotics to have vitamin-sparing effects (Lih and 
Baumann, °51; Sauberlich, 52; and Monson et al., °52). 
Following oral administration aureomycin and penicillin are 
readily absorbed into the general circulation and are found 
in the liver, kidney, placenta, spleen, lung, cerebrospinal 
fluid and other body fluids in measurable concentrations. 
Reports indicate that there is stimulation of growth, also, in 
the progeny of certain animals which have received antibiotics 
during gestation. In particular, Slinger et al. (’52) found that 
progeny from hens, which were fed a regular diet plus 


‘From a thesis submitted to the faculty of the Graduate School of the Uni- 
versity of Maryland in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

*Present address: Department of Anatomy, College of Medical Evangelists, 
Loma Linda, California. 
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penicillin, grew more rapidly than those from hens fed the 
same diet without the antibiotic. 

Apparently, phagocytic tests (Hewes and Shay, ’55) and 
toxic and anaphylactic reactions are the only studies that 
have been made of antibiotic effects on the guinea pig. No 
information is available as to whether or not these drugs, 
when used as dietary supplements, promote growth in this 
animal. The present investigation was designed to study the 
possibility of stimulation of growth, initiation of anatomical 
changes, and influence on progeny of the guinea pig resulting 
from daily oral administration of low levels of aureomycin 
and penicillin. 


METHODS AND MATERIALS 
Experiment 1 


Male and female 6-week-old guinea pigs, of the English 
breed, were used. Aqueous solutions of auroemycin® and 
penicillin * were administered orally throughout the experi- 
mental period. Aureomycin in the form of crystalline hydro- 
chloride and penicillin in the form of crystalline G sodium 
were used. The animals were fed ad libitum a complete 
ration ® except for Vitamin C, which was adequately supplied 
by the addition of 500 mg of ascorbic acid to each liter of 
drinking water. The commercial ration contained no antibio- 
ties or other similar drugs. 

Male and female animals were separated and kept in 
raised screen floor cages. The animals were arranged in 
three groups each: aureomycin-fed, penicillin-fed, and con- 
trol. Twelve male and 12 female animals comprised each 
group. The weight of each animal was recorded and weights 
were taken weekly thereafter. To govern the drug intake 
accurately, the antibiotics were administered orally by means 

* Aureomycin was generously supplied by Dr. Stanton M. Hardy of the Lederle 
Laboratories, Pearl River, New York. 

* Penicillin was supplied through the kindness of Dr. Lyon P. Strean of Merck 


and Company, Rahway, New Jersey. 
* Purina rabbit chow checkers. 
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of a 0.5 ml calibrated pipette, each animal receiving an aqueous 
solution of 0.55 mg of the drug per day in addition to the 
regular diet. This dosage was continued for one week, and, 
because of toxic effects, the dose was administered on alternate 
days throughout the remainder of the experiment. 

At the end of 9 weeks 7 female animals of each group were 
bred by boars of the same group. The male controls, which 
had not been used for breeding, were sacrificed for histological 
studies. The liver, kidney, heart, and spleen were removed, 
freed of fat, weighed, and placed in 10% formalin. The left 
inferior extremity was removed, and the foot disarticulated 
at the ankle joint. The muscles of the thigh and leg were 
detached from the femur, tibia, and fibula, and the bones were 
cleaned and weighed. Measurements of the lengths of the 
tibias were recorded. All tissues were placed in 10% formalin. 

The average gestation period of the guinea pig is 10 weeks. 
Within 24 hours after the sows gave birth to their litters, 
the weight of each offspring was recorded. Within 48 hours 
after the birth of each experimental animal, 0.1 mg of the 
specified drug in aqueous solution was administered orally. 
This dose was given daily for 6 weeks. After three weeks 
the young were weaned. The control animals were fed only 
the usual diet of rabbit chow with ascorbic acid added to 
their drinking water. The weights of the young animals were 
recorded weekly. 

Experiment 2 


To determine the effects of different levels of supplementary 
aureomycin on growth and structure, 12 male weanling guinea 
pigs 6 weeks old were arranged in two groups of 6 animals 
each, so that each group weighed approximately the same. 
Each animal in the first group was given 0.3 mg of aureomycin 
and each in the second group was given 0.5 mg of the drug per 
day. Aqueous solutions of the drug were administered orally 
for a period of 9 weeks and the weight of each animal was 
taken weekly throughout the experimental period. At the 
end of the experiment the animals in the two groups were 
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sacrificed. In order to determine true growth and structural 
changes, tissues of these animals were compared with those 
of the male controls of experiment 1. The same procedure 
was followed in the removal of tissues as in the first experi- 
ment. 
RESULTS AND DISCUSSION 

The groups of guinea pigs in experiment 1, from which 
animals for breeding were taken, showed toxic effects as a 
result of the daily dose of 0.55 mg of aureomycin and penicil- 
lin. Eleven of the 24 penicillin-fed and two of the 24 
aureomycin-fed animals died. No deaths resulted from the 
administration of the drugs on alternate days. Heilman 
(’48) reported that aureomycin and penicillin have a cumula- 


TABLE 1 


Comparative average birth weights of first-litter progeny of 
antibiotic-fed and control guinea pigs 








GROUP % AVERAGE WEIGHT 
gm 
Aureomycin-fed 97.5 
Penicillin-fed 94.0 


Control 92.0 


tive toxic effect on guinea pigs, whereas they are relatively 
non-toxic for most other animals. The 0.55mg dose was 
used in the present experiment, because it was proportional 
to the small quantities of antibiotics usually mixed with the 
feed for larger animals. 

The average birth weights of groups of first-litter offspring 
of aureomycin-fed, penicillin-fed, and control guinea pigs 
are listed in table 1. Slightly higher average birth weights 
were noted in the progeny of the aureomycin-fed and penicil- 
lin-fed animals than in the progeny of the control animals. 
However, no apparent weight increase was noted in the 
experimental animals over the controls at the end of 6 
weeks of daily administration of the low level of 0.1mg 
of the antibiotics. The number of animals in each group 
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varied from 11 to 15. The increased birth weights of the 
progeny of the experimental guinea pigs confirms the report 
of Lillie and Bird (’52) that aureomycin in the maternal diet 
seems to have a stimulating carry-over effect on chicks. No 
evidence was apparent that antibiotic feeding influenced the 
number of offspring in each litter. Mirone (’53) substantiates 
this observation in experiments with mice by reporting no 
differences in the number of animals per litter from anti- 
biotic-fed and control animals. Uram et al. (’55) made a 
similar observation with rats which were given terramycin- 
and streptomycin-supplemented diets. 

In experiment 2 the average weight gains of the groups of 
guinea pigs, which were fed 0.3 mg and 0.5 mg of aureomycin, 


TABLE 2 


Comparative average weight gains of groups of aureomycin-fed and 
control guinea pigs 








AVERAGE WEIGHT AT 





Maks tt x vb AVERAGE WEIGHT PER CENT 
oat ir 6 weeks 15 weeks amead ans 
gm gm gm 
Fed 0.3 mg aureomycin 273.1 606.3 333.2? 122.0 
Fed 0.5mg aureomycin 276.9 610.8 333.9 * 120.6 
Control 259.1 537.8 278.7 107.6 





1 Indicates significance (P = < 0.05). 


respectively, and the control group are compared in table 
2. The groups which were given different dosages of aureo- 
mycin showed a significant average body weight gain over 
the control group. Little difference was evident between 
the weight gains of animals given the two different doses. 
Many theories have been advanced to explain why the con- 
tinued administration of low levels of antibiotics increase 
body weight in animals, but the mode of action has not been 
satisfactorily determined. 

The effects of the antibiotics, administered as supple- 
ments to the regular ration, on the organ and tissue weights 
in this experiment varied considerably. A comparison of the 
average weights of organs and tissues of aureomycin-fed 
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animals with those of controls is shown in table 3. The weights 
of the liver, tibia and muscles of the thigh and leg of the 
experimental animals were greater than those of the controls, 
the weights of the tibias being significantly higher. In respect 
to the heart and spleen weights, those of the experimental 
animals were significantly below those of the controls. Pos- 
sibly, aureomycin affects the growth of these organs. Such 
antibiotics as chloromycetin and streptomycin in high con- 


TABLE 3 


Comparative average weights of organs and tissues of aureomycin-fed 
and control guinea pigs 














GROUP LIVER KIDNEY HEART SPLEEN TIBIA (Thigh. lez) 
gm gm gm gm gm gm 
Fed 0.3 mg 
aureomycin 24.2 4.3 1.5? 0.5 i4* 20.3 
Fed 0.5 mg 
aureomycin 24.1 4.3 1.5 0.4* 1.5 * 20.5 
Control 19.8 4.4 1.9 0.9 1.1 18.0 
Relation to body weight 
% % %o Jo % Jo 
Fed 0.3 mg 
aureomycin 4.00 0.70 0.25 0.08 0.20 3.30 
Fed 0.5 mg 
aureomycin 3.90 0.70 0.24 0.07 0.20 3.30 
Control 3.60 0.80 0.30 0.16 0.20 3.20 





* Indicates significance (P = < 0.05). 


centrations have been found by Fusillo et al. (’52) to inhibit 
the growth of a 9-day-old chick embryo heart. Uniformity 
of organ weights in the experimental animals was found 
regardless of whether the dose of aureomycin was 0.3 or 
0.5 mg. 

A study of sections of the organs and tissues of antibiotic- 
fed and control animals revealed no outstanding differences. 
Skeletal growth, represented by measurements of the lengths 
of the tibias, was greater in the groups of experimental 
animals than in the controls (table 4). Such structural growth 
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was pointed out by Quimby (’48) when he used the length of 
the femur in rats as an indicator in inanition and refeeding 


studies. ; 
Further studies are needed to determine the factors that 


are responsible for these effects, which follow the use of 
antibiotics as supplements to a normal diet. 


TABLE 4 


Relative average lengths of tibias of aureomycin-fed and 
control guinea pigs 











GROUP LENGTH OF TIBIA 
Mik, mm 
Fed 0.3 mg aureomycin 45.9 
Fed 0.5 mg aureomycin 46.1 
Control 44.2 
SUMMARY 


Aqueous solutions of aureomycin and penicillin as dictary 
supplements were administered orally to groups of guinea 
pigs to study some of the effects of these antibiotics on the 
animals. First-litter progeny of animals treated with anti- 
biotics showed a slight increase in mean birth weight over 
that of first-litter progeny of control animals. However, this 
increase was not apparent after 6 weeks of administration 
of the low level of 0.1 mg of the drugs to the young. No other 
effects on reproduction were observed. 

Male guinea pigs fed 0.3 and 0.5mg of aureomycin per 
day showed a significant average weight gain over the con- 
trols after a period of 9 weeks. Of the organs and tissues 
removed for study, only the tibias of the experimental ani- 
mals weighed significantly more than those of the controls. 
The heart and spleen weighed significantly less in the anti- 
biotic-fed animals than in the controls. Sections of these 
organs and tissues indicated no apparent histological differ- 
ences between experimental and control animals. Increased 
structural growth was noted in the greater length of the 
tibia in the aureomycin-fed animals than in the controls. 











360 C. GORDON HEWES 


ACKNOWLEDGMENTS 


Gratitude is expressed to Dr. William E. Hahn, Professor 
of Anatomy, for his interest and guidance during this investi- 
gation. Also, appreciation is extended to Professor Guy P. 
Thompson for his counsel and to Jane C. Clark for technical 
assistance. 

LITERATURE CITED 


Fusitto, M. H., J. F. Metzger anp D. M. Kunns 1952 Effect of chloro- 
mycetin and streptomycin on embryonic tissue growth in in vitro tissue 
eulture. Proce. Soc. Exp. Biol. Med., 79: 376. 

HEILMAN, F. R. 1948 Aureomycin in the treatment of experimental relapsing 
fever and leptospirosis icterohsemorrhagica (Weil’s disease). Proc. 
Staff Meet. Mayo Clinic, 23: 569. 

Hewes, C. G., AND D. E. SHay 1955 Antibody formation in the guinea pig 
as a result of oral administration of chliortetracycline and penicillin. 
Antibioties and Chemotherapy, 5: 101. 

Lin, Hwa, anp ©. A. BAUMANN 1951 Effects of certain antibiotics on the 
growth of rats fed diets limiting in thiamine, riboflavin, or pantothenic 
acid. J. Nutrition, 45: 143. 

Lituiz, R. J., anD H. R. Birp 1952 Effect of antibiotic supplements upon 
hatchability and upon growth and viability of progeny. Poultry Sci., 
$1; 513. 

MironE, L. 1953 Effect of aureomycin and terramycin on growth, reproduction, 
and blood count in mice. Antibiotics and Chemotherapy, 3: 600. 

Monson, W. J., L. 8. Drerricn anp C. A. ELveHJEM 1952 The effect of dif- 
ferent carbohydrates and antibiotics on the growth of chicks and the 
storage of vitamins. J. Nutrition, 46: 411. 

Quimsy, F. H. 1948 Organ weights of rats receiving hormone supplements 
during recovery from chronic starvation. Endocrinology, 42: 263. 

SAUBERLICH, H. E. 1952 Effect of aureomycin and penicillin upon the vitamin 
requirements of the rat. J. Nutrition, 46: 99. 

SEWELL, A. M. P., anp R. 8. Guasscock 1951 A comparison of aureomycin, 
streptomycin, penicillin, and an aureomycin-vitamin B-12 feed supple- 
ment for the pig. Arch. of Biochem., 30: 269. 

Surneer, 8S. J., A. E. Ferguson anp J. D. McConacuiz 1952 A carry-over 
effect of penicillin from dam to progeny. Poultry Sci., $1: 172. 

Uram, J. A., C. E. Frencn, G. P. Barron anp R. W. Swirr 1955 The effect 
of high levels of terramycin or streptomycin on growth, reproduction, 
and lactation of the rat. J. Nutrition, 55: 481. 








ASCORBIC ACID NUTRITURE IN THE HUMAN’ 


II. CONTENT OF ASCORBIC ACID IN THE WHITE CELLS AND SERA OF 
SUBJECTS RECEIVING CONTROLLED LOW 
INTAKES OF THE VITAMIN 


BETTY F. STEELE, RACHEL L. LINER, ZAIDA H. PIERCE 
AND H. H. WILLIAMS 


The Departments of Food and Nutrition, and Biochemistry and Nutrition, 
and The School of Nutrition, Cornell University, Ithaca, New York 


(Received for publication June 16, 1955) 


Lowry and his coworkers (’46) have reported the white 
cell ascorbic acid content for subjects given 8 or 23 mg of 
ascorbic acid daily for 8 months. Neither amount maintained 
the starting white cell ascorbic acid content and they found 
no difference between the white cell ascorbic acid content of 
the two groups at the end of this time. Studies on ascorbic 
acid deprivation in man by the Vitamin C Sub-Committee 
of the Medical Research Council of England (’48, ’53) in- 
dicated that 10 mg of ascorbic acid daily would not maintain 
white cell ascorbic acid content in normally nourished subjects, 
but there was some indication that it would cause an increase 
in white cell ascorbic acid content in subjects who were scor- 
butic. Davey et al. (’52) have reported that 25 mg of ascorbic 
acid per day failed to maintain ascorbic acid concentration 
in 4 subjects in good nutriture at the beginning of the experi- 
ment. 

*Contribution of the Northeast Regional Cooperative Project, NE-16, Re- 
lationship of Nutrient Intake to Nutritional Status in Human Subjects, and sup- 
ported in part by regional funds, and by state funds, including a grant from 
the State University of New York to the School of Nutrition. Acknowledgement 
is also made of support by the Gannett Fund, School of Nutrition. 


Presented in part before the American Institute of Nutrition, Federation of 
American Societies for Experimental Biology Meeting, Chicago, 1953. 
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A previous report from this laboratory was concerned with 
the ascorbic acid content of sera and white cells of human 
subjects ingesting a diet containing 7 mg or less of vitamin 
C for 78 days (Steele et al, 52). Under these conditions 
neither white cell nor serum ascorbic acid content was main- 
tained at the starting level. The present study is concerned 
with the amount of ascorbic acid needed to cause an increase 
in white cell ascorbic acid concentration while the subjects 
were under the stress of partial depletion of the vitamin. 


PROCEDURE 


Thirteen adults (10 men and three women) were given a 
diet (Steele et al., 52) low in ascorbic acid for 78 days. 
Each of the subjects received approximately 10mg of as- 
corbic acid per day from the food alone during the first 
38 to 42 days and became partially depleted of the vitamin. 
After the depletion period, the diet for each subject was 
controlled so that he received a fixed amount of ascorbic acid 
each day from the food? plus a solution of pure ascorbic 
acid to drink with his noon meal. For 14 days enough solu- 
tion was ingested so that the total daily intake of ascorbic 
acid was 20mg; the amount was increased later so that 
the intake was 30 and finally 40 mg. 

Blood from a finger puncture was withdrawn at frequent 
intervals for analysis of white cell and serum ascorbic acid 
content. During the supplementation period these intervals 
were three to 4 days. 


METHODS 


Ascorbic acid in serum and white cells was determined by 
the methods of Bessey and Lowry and described by Gyorgy 
(750) and outlined in the Northeastern Regional Publica- 
tion No. 5 (’51). The method of Roe and Oéesterling de- 
scribed by Gyérgy (’50) was used to determine the total 
ascorbic acid content of the diet. 


*To help maintain a constant ascorbic acid intake, Starlac, kindly supplied 
by the Borden Company, was substituted for the boiled milk used earlier. 
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RESULTS 


The values for ascorbic acid in the white cells and sera 
during ascorbic acid depletion and supplementation are given 
in tables 1 and 2. 

After 38 to 42 days of the depletion diet which contained 
10 mg or less of ascorbic acid, the white cell ascorbic acid 
content had fallen to 39 to 78% of the pre-diet level (table 
1). Ali but one of the subjects had a pre-supplement white 
cell ascorbic acid content of less than 20 mg % when consid- 
ered on the basis of average values of duplicate analysis from 
each of the last two days on which samples were taken before 
supplementation. This average was thought to be more reliable 
as a base line for comparison with the values obtained during 
the supplemented periods. A daily intake of 20 mg of ascorbic 
acid at this level of depletion allowed either maintenance of 
white cell ascorbic acid or an increase over the pre-supplement 
amount in all the subjects except J. P. Subjects E. B., Y. B., 
H. K., B. MC., B. M., E. W., J. W. and B. W. were able to 
maintain this increase so that the average of their white cell 
ascorbic acid content during the 14 days of the 20-mg intake 
was greater than their pre-supplement average. The differ- 
ences between the pre-supplement average for ascorbic acid 
content of the white cells and the average during the 20-mg in- 
take were not significant (table 3) for the group according to 
Student’s ‘‘t’’ test for paired data (Snedecor, ’46). When 
the intake was raised to 30mg daily, H. K., E. W. and B. 
F.. had white cell ascorbic acid contents that were increased 
over the average found with the 20-mg intake. The majority 
of the subjects had some decrease in white cell ascorbic acid 
content on the 30-mg intake (table 1), but again the differences 
were not significant (table 3). All of the subjects showed some 
increase in white cell ascorbic acid content when the intake 
of the vitamin was increased to 40mg per day. In 9 in- 
stances the increases appear to be definite, while in 4 (E. B., 
E. W., J. W. and J. P.) these increases were slight and 
probably well within the experimental error of the method. 
Differences between the averages for the ascorbic acid con- 
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tent of the white cells for the periods with intakes of 30 mg 
and 40 mg of the vitamin were highly significant (table 3). 

Serum ascorbic acid content dropped rapidly from the pre- 
diet amount until it was approximately 0.2 mg % for each 
subject by the time the depletion period was ended (table 2). 
The content continued to show some decline during the 
20-mg-intake period for most of the subjects. Differences 


TABLE 3 


Comparisons of responses to different intake levels of ascorbic acid 





STANDARD ERROR 











MEAN ougr? 
—— DIFFERENCES MEAN sepeunanee “it 

White cell ascorbic acid content 

Pre-supplement vs. 20 mg av. — 0.446 0.574 0.78 

20 mg av. vs. 30 mg av. + 0.654 0.334 1.96 

40 mg av. vs. 30 mg av. + 2.023 0.379 5.33? 
Serum ascorbic acid content 

Pre-supplement vs. 20 mg av. + 0.0285 0.00901 3.16? 

20 mg av. vs. 30 mg av. + 0.0092 0.00674 1.37 

40 mg av. vs. 30 mg av. + 0.0346 0.00474 7.30? 











“? < 4. 


between the averages of the serum ascorbic acid content for 
the 20-mg and the 30-mg periods were not significant (table 
3). Raising the intake of ascorbic acid to 40 mg daily caused 
some increase in serum ascorbic acid for the majority of 
the subjects. Differences between the averages of the serum 
ascorbic acid content for the 30-mg and the 40-mg periods 
were highly significant (table 3). 


DISCUSSION 


When 13 subjects, who were partially depleted of ascorbic 
acid, were given 40mg per day of the vitamin for 7 to 11 
days, the ascorbic acid content of the white cells and sera 
showed a significant increase over the amount found when 
the subjects were given an intake of 30mg for 11 to 14 
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days. It should be emphasized that these periods of intake 
of varying levels of ascorbic acid were extremely short and 
it is not known whether the 40-mg intake would cause a 
continued increase in the white cell and serum ascorbic acid, 
or would maintain the blood values at the levels reached in 
this experiment. 

Some of the subjects had an increase in white cell ascorbic 
acid content over that of the pre-supplement amount when 
their intake was 20 mg per day for 14 days. These subjects, 
except for one, were in lower nutriture with respect to as- 
corbic acid when the supplementation was begun than were 
the subjects who had no increase. Davey et al. (’52) had 
found that 25 mg of ascorbic acid per day for 50 days was 
not adequate to maintain white cell ascorbic acid content 
in subjects in good nutriture. Our subjects were partially 
depleted of the vitamin. The differences in these findings 
might indicate that the nutriture of the subject would have 
some influence over the daily amount of ascorbic acid neces- 
sary to maintain or increase ascorbic acid content of white 
cells. Work by Van EHekelen (’36) has given some evidence 
that the rate of usage of ascorbic acid in man varies directly 
with the blood level, and the experiment by the English 
workers (Vitamin C Sub-Committee of the Medical Research 
Council of England, °48, ’53) indicated that amounts of 
ascorbic acid as low as 10 and 20mg per day caused some 
increase in white cell ascorbic acid content when the sub- 
jects were depleted of the vitamin. It is planned to test this 
postulation of effect of initial nutriture further in studies 


of human subjects. 
SUMMARY 


Thirteen adults (10 men and three women) were given a 
diet low in ascorbic acid for 78 days. After 38 to 42 days, 
when the subjects had been partially depleted of the vitamin, 
they were given enough pure ascorbic acid so each subject 
had in succession, three levels of intake, 20, 30 and 40 mg. The 
ascorbic acid content of their white cells and sera was de- 
termined at frequent intervals. 
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When the intake of ascorbic acid was 40 mg per day for 7 
to 11 days, the ascorbic acid content of the white cells and 
sera showed a significant increase over that amount found 
when the subjects were given an intake of 30mg for 11 to 
14 days. There was some evidence that level of ascorbic 
acid nutriture affected the response to the varying amounts 
of the vitamin. 
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ONE FIGURE 
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INTRODUCTION 


Distilled acetylated monoglycerides are fats with consider- 
able potential use in the food field as additives and as edible 
coatings. The nutritive value of diacetylated monoglycerides 
has been shown (Mattson et al., 55) to correspond to that 
of natural triglycerides composed of similar long-chain fatty 
acids. Robbins and Ambrose (’55) have found that the rate 
of absorption of acetostearins and acetooleins by the rat 
equalled or exceeded that of partially hydrogenated shorten- 
ing.? These workers also found that the coefficients of digesti- 
bility for acetostearins and acetooleins were 80 to 85 and 
99%, respectively. Ambrose and Robbins (’55) reported 
that dietary levels of 20% of acetoolein or 10% of acetostearin 
did not interfere with growth or food utilization by the rat 
for periods over one year, although a level of 20% of aceto- 
stearin inhibited growth slightly. 

Except for a preliminary report from this laboratory (Ames 
et al., 55) no data have appeared concerning the mode of 

1 Communication no. 224, Research Laboratories, Distillation Products Industries, 


Division of Eastman Kodak Company, Rochester, N. Y. 
? Crisco. 
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digestion of the acetylated monoglycerides. This report sum- 
marizes the results of a comprehensive investigation of the 
digestive products of the distilled acetylated monoglycerides 
as well as of triglycerides of corresponding fatty acid com- 
position. 
EXPERIMENTAL 

Adult albino rats of the Sprague-Dawley strain were housed 

individually in hanging wire screen cages and were fed a 


TABLE 1 


Composition of diets 








VITAMIN- 
FAT SOURCE FAT? GLUCOSE ? TEST SALTS * 
CASEIN * 

= 2. % % % % 
Cottonseed oil 22.1 45.6 26.7 5.6 
Cottonseed oil -B* 22.1 48.9 20.0 5.0 
Lard 22.1 45.6 26.7 5.6 
Hydrogenated lard 22.1 45.6 26.7 5.6 


Distilled fully acetylated 

mixed saturated and un- 

saturated monoglycerides 

from lard * 33.0 39.2 23.0 4.8 
Diacetylated saturated mono- 

glycerides (distilled fully 

acetylated monoglycerides 

from hydrogenated lard) 33.2 39.1 22.9 4.8 
Distilled partially 

acetylated monoglycerides 

from hydrogenated lard‘ 30.0 41.0 24.0 5.0 
Distilled partially 

acetylated monoglycerides 

from hydrogenated lard‘ -B* 30.0 41.0 20.0 5.0 





*Caleulated to contain fatty acid residue equivalent to that of 30% MYVACET 
Type 5-00. 

* Cerelose. 

* General Biochemicals, Inc. 

*The Pharmacopeia of the United States (’50). 

*These diets also contained 4% of B-vitaminized casein which supplied the 
following vitamins per 1000 gm diet: B,-HCl, 20mg; B,, 20mg; B,, 20mg; Ca 
pantothenate, 60 mg; niacin, 100 mg; choline, 2.0 gm; inositoi, 1.0 gm; 2-Me-1,4- 
naphthoquinone, 10 mg; p-aminobenzoic acid, 200 mg; biotin, 0.4mg; folie acid, 
4.0 mg; B,,, 0.04 mg. 

*MYVACET distilled acetylated monoglycerides, Type 9-40. 

*MYVACET distilled acetylated monoglycerides, Type 5-00. 
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stock diet composed of natural ingredients prior to the experi- 
ment. The test diets contained glucose, vitamin-test casein, 
fat, and salts, and were relatively similar in composition 
except for the source and amount of fat (table 1). The 
proportion of fat used supplied a level of about 21.5% fatty 
acids in the diet. The compositions and other physical charac- 
teristics of these fats are listed in table 2. Melting points were 
determined by the capillary method, and iodine values were 
obtained by the Wijs technique (A.0.A.C., ’50). 

All groups were given a test diet and water ad libitum for 
at least 5 days before sacrificing. Feces which were voided 
during the first three days on the experimental diet were 
discarded. Thereafter, feces were collected daily, brushed free 
of hair and food, and stored at — 20°C. until analyzed. At 
the completion of the experiment, the rats were killed with 
chloroform. Hemostats were placed immediately at the car- 
diac and pyloric sphincters and the ileocecal junction, and 
the entire gastrointestinal tract was removed. The contents 
of the stomachs were removed, ground with anhydrous 
Na,SO,, pooled, extracted with three 500-m! portions of 
anhydrous diethyl ether, and filtered. The residue was then 
extracted with three 500-ml portions of ether acidified to pH 
3 with 25% HCl in ethanol. Feces and the contents of the 
cecum-colon were treated similarly. The contents of the 
small intestines were flushed with diethyl ether into a flask 
containing anhydrous Na.SQ,, and the ether was evaporated. 
The Na,SO,-residue was ground and then was extracted as 
described above. All extracts were washed with distilled 
water to remove HCl and other water-soluble substances, 
dried with anhydrous Na,SO,, filtered, evaporated under a 
stream of nitrogen on the steam bath, and weighed. Previous 
studies had indicated that this procedure resulted in com- 
plete extraction of lipids. 

Samples of the ether-soluble lipids were analyzed in a 
50-tube Craig counter-current distribution apparatus, using 
Skellysolve B and aqueous methanol (15% water by volume) 
for the solvent system (Kuhrt et al., 52). The Craig ap- 











TABLE 2 


Characteristics of the various fats 
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IODINE 
NUMBER ? CONTENT? 





FREE ACID 





FAT ESTIMATED COMPOSITION ! ee 
¥ 6. 
Cottonseed Mono-S-di-U-triglycer- — 4° to + 4° 
oil ide — about 3/4 
Tri-U-triglyceride — 
about 1/4 
Lard Mono-8-di-U-triglyceride ~ 30° 
— about 3/5 
Mono-U-di-S-triglyceride 
— about 3/10 
Tri-S- and Tri-U-triglye- 
eride — about 1/10 
Hydrogenated Tri-S-triglyceride 62°-64° 
lard 
MYVACET 1,2-diacetylated-3-mono- — 5° to + 5° 
Type 9-40 glyceride (U or S) — 
about 2/3 
1,3-diacetylated-2-mono- 
glyceride (U or S) — 
about 1/3 
Diacetylated 1,2-diacetylated-3-mono- 29°-32° 
saturated glyceride (S) — 
monoglyceride about 2/3 
(Experimental 1,3-diacetylated-2-mono- 
research glyceride (S) — 
sample) about 1/3 
MYVACET Monoacetylated mono- 42°-44° 
Type 5-00 glyceride (mainly 1- 


acetylated-3-mono- 
glyeeride [S]) — 
about 1/2 
Monoglyceride (8) 
(mainly 1-monoglyc- 
eride) — about 1/5 
Diacetylated monoglye- 
eride (S) (ef. above 
sample) — about 3/10 


~ 110 


~ 40 


% 


0.5 


0.4 


0.4 


0.8 


0.8 





1 Suggested by Dr. G. Brokaw, Distillation Development Laboratory, D.P.I., ex- 
cept for lard and cottonseed oil which have been obtained from Hilditch (’49). 


U = unsaturated fatty acid; S = saturated fatty acid. 
* Courtesy of Distillation Development Laboratory. 


* Maximum, since calculated on basis that all free acid is long-chain fatty acid. 
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paratus was equipped with an electrical robot drive to provide 
automatic operation (Perry and Weber, ’54). Infrared spec- 
tra were obtained for the lipid in the various peak tubes. 
All samples were analyzed for free fatty acid by a slight 
modification of the method described by the A.O.A.C. (’50). 
A weighed homogeneous sample of fat was dissolved in a 
100-ml portion of ethanol which had been made just pink 
to phenolphthalein with 0.1 N NaOH. The free fatty acid 
was titrated with 0.1 N or 0.05 N NaOH. 


RESULTS 


Formation and excretion of fatty acids. Since fatty acid is 
formed during the first step in fat digestion, a complete 
investigation was carried out of the fatty acid content of the 
ether extracts and of the acidified ether extracts. The results 
are tabulated in table 3. 

The high levels of fatty acid found in the stomach after 
feeding fully hydrogenated lard have been reported previ- 
ously (Herting and Ames, ’55). Similar results were obtained 
with two other saturated fats, the distilled partially ace- 
tylated monoglycerides from hydrogenated lard* and the 
distilled diacetylated monoglycerides from hydrogenated lard. 
Little gastric digestion of the unsaturated triglycerides oc- 
curred, confirming the findings of Mattson et al. (52). When 
both saturated and unsaturated molecules were present, as 
with the distilled, diacetylated, mixed saturated and unsatu- 
rated monoglycerides from lard‘, the levels of fatty acid 
were intermediate between the high values for saturated 
fats and the low values for unsaturated fats. As would be 
expected, the amount of lipid in the acidified-e:her extracts 
from the stomach was usually low. 

The average levels of total fatty acid in the lipid recovered 
from the small intestines varied from 55.2 to 82.7% and were 
higher with the saturated fats. However, some overlapping 
of ranges occurred. These levels were higher than those 


*Myvacet Distilled Acetylated Monoglycerides, Type 5—00. 
*Myvacet Distilled Acetylated Monoglycerides, Type 9-40. 
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* Does not include any water-soluble materials. 


* Based on total lipid from extractions with ether and acidified ether, 
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found previously by Boergstrém (’52a, b, 54a) and Desnuelle 
and Constantin (’52) within three hours after giving oil by 
stomach tube. The lipids from the cecum-colon presented 
the same general picture as those from the small intestine, 
with a general trend toward higher levels of total fatty acid 
and a much higher proportion of soaps. 

The fecal data are presented separately in table 4, since 
fecal lipid was not always obtained from the same rats as 
the gastrointestinal lipid. On all diets the levels of total fecal 
fatty acids declined from those found in the cecum-colon. The 


TABLE 4 


Fatty acid content of lipids recovered from the feces* 














ETHER SOLUBLE ———= ' sone, 
FAT IN DIET FATTY 
oe 6=—lU, ee 
Se eae mg mg mg mg Jo 
Cottonseed oil 289 97 98 86 47.3 
Lard 146 19 227 209 61.1 
Hydrogenated lard 3527 1569 2010 1487 55.2 
MYVACET Type 9-40 145 40 270 246 68.9 
Diacetylated saturated 
monoglyceride 2252 1401 721 650 69.0 
MYVACET Type 5-00 1979 1405 935 870 78.1 





* Collected from 6 rats and caleulated as excretion per day per 6 rats. 
* Does not include any water-soluble substances. 
* Based on total lipid in extractions with ether and acidified ether. 


amounts of lipid recovered from the feces, as well as from 
the small intestine and cecum-colon (table 3), were consist- 
ently lower when lard, cottonseed oil, or myvacet Type 9-40 
was the source of fat than when the fully saturated fats 
were fed. This would be expected from the well-known rapid 
absorption and high digestibility coefficient of most unsatu- 
rated fats (Deuel, ’54). 

The differences in the fatty acid content of stomach lipid 
after feeding saturated and unsaturated fats have been 
studied further with the aid of pylorus-ligated adult male 
rats, prepared essentially as described by Madden et al. (51). 
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After a preliminary period of three to 7 days on either the 
diet containing cottonseed oil or that containing hydrogenated 
lard (table 1), food was removed and the rats were given a 
10% sucrose solution for 20 to 24 hours. The pylorus was 
ligated under ether anesthesia, and three or 4 ml of an emul- 
sion of the appropriate fat in 10% gelatin solution was given 
by stomach tube. These emulsions were prepared by high 
speed dispersion of liquid fat in hot gelatin solution and 
were maintained near 40°C. during use. After 4 hours the 
stomachs were removed, and the contents were ground with 
anhydrous Na,SO,. The lipid was extracted, weighed, and 
analyzed for fatty acid as described above. 


TABLE 5 


Free fatty acid content of fat recovered from stomachs of pylorus-ligated rats 





WEIGHT OF 


NUMBER WEIGHT OF TOTAL FREE 








oar Caves enour OF RATS FAT GIVEN Ges Gaaaeanien 1 FATTY ACID 
ro i. eee Se = Fs ao. mg+o % + S.E. 
Cottonseed A 6 374 410 + 31 6.9 + 0.6 
oil B 6 835 745 + 41 5.5 + 0.9 
Hydrogenated C 4 399 428 + 26 5.6 + 1.0 
D 6 868 876 + 31 3.4 + 0.9 


lard 





* Four values were discarded because coprophagy had occurred. The stomach 
contents from these rats were gray, pasty, and foul-smellirg. The discarded values 
were as follows: group A, 471 mg; group C, about 493 and 518 mg; and group D, 
941 mg. 


Values for several rats were discarded because coprophagy 
had occurred. The ether and acidified-ether extractable lipids 
were combined since the latter were negligible. Under these 
-onditions, very little lipolysis occurred with either cotton- 
seed oil or hydrogenated lard (table 5), but the amount of 
free fatty acid which was found in the stomach of the pylorus- 
ligated rat after feeding cottonseed oil was similar to that 
found previously with the intact rat. 

Our previous communication (Herting and Ames, ’55) sug- 
gested two explanations for the effect of saturation on gastric 
lipolysis. A gastric lipase may be much more active when 
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the substrate is a fully saturated glyceride or the high levels 
of fatty acid may result from some physiological effect of 
the saturated fats such as a decreased emptying time of the 
stomach. The results with the pylorus-ligated rat seem to 
favor the latter explanation although Tidwell and Cameron 
(’42) have reported that the gastric emptying time for satu- 
rated triglycerides is less than that for unsaturated triglye- 
erides. However, the existence of a specific lipase has not 
been eliminated, since the enzyme may have been inactivated 
under the conditions used in the present experiment. 
Separation of individual lipids. Craig distributions of the 
ether-soluble lipids supplied a more detailed picture of the 
lipid composition. Typical curves are given in figure 1. The 
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TUBE NUMBER 
Fig. 1 Separation of lipid samples by the Craig apparatus. 


material in the various peaks was identified by comparison 
with the peak locations of known materials and by infrared 
analyses. Under these conditions monoglycerides peak be- 
tween tubes 6 and 19 (Perry and Brokaw, ’55), monoacetylated 
monoglycerides between tubes 21 and 36, and fatty acids, 
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diacetylated monoglycerides, diglycerides and triglycerides 
between tubes 39 and 49. The exact location of a peak is 
dependent to a large extent on the degree of unsaturation of 
the fat, on the length of the carbon chains, and on the isomer 
content (Perry and Brokaw, 55). 

Material that appeared in the first two tubes, which in- 
cluded any traces of water-soluble substances, was desig- 
nated the ‘‘pre-monoglyceride’’ fraction. The amount of 
monoglycerides or of monoacetylated monoglycerides was 
determined by extrapolating the sides of its characteristic 
peak to zero weight. The free fatty acid was measured by 
titration. Since a 50-tube Craig apparatus is inadequate to 
resolve the mixture of lipids found in the least polar peak 
with this solvent system, the difference between the input 
weight and the sum of the above fractions was designated 
‘‘di- and triglyceride’’. After these values had been deter- 
mined, the fatty acids obtained from soaps by the acidified 
ether extractions were included in the calculations (table 6). 

As expected from the work of Mattson et al. (’52) with 
unsaturated triglycerides, only small amounts of monoglycer- 
ide, 2 to 8%, were found in the stomach samples, except 
with the diet containing myvacet Type 5-00. This fat con- 
tained appreciable quantities (23.8%) of monoglycerides, 
and a level of 12% was found in the stomach lipid. The in- 
testinal levels of monoglycerides (5 to 11%) compare favor- 
ably with those reported by Desnuelle and Constantin (’52), 
Borgstrém (’54a), and Mattson et al. (’52, ’54), who did 
not recover soaps. However, they are lower than those re- 
ported by Frazer and Sammons (’45) and Borgstrém (’52a, 
b). All these workers gave unsaturated fats by stomach 
tube, and the time of lipid recovery varied. 

Although the monoglyceride fractions have not been an- 
alyzed chemically, infrared absorption spectra indicated that 
the intestinal monoglycerides from all fats consisted of pre- 
dominantly or totally the l-isomer and were predominantly 
saturated except those found after feeding cottonseed oil. 
The fecal monoglycerides were saturated l-isomers in all 
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series which were studied. With myvacet Type 9-40, the 
monoglyceride fraction was small and not analyzed. The 
absorption spectra of monoglycerides have been reported 
previously by Kuhrt et al. (’52).5 Our observations regard- 
ing intestinal monoglycerides differ from the in vivo results 
of Mattson et al. (’52) and the im vitro results of Borgstrom 
(’54b), who concluded that 2-monoglycerides are formed in 
much greater amounts than |-monoglycerides during intes- 
tinal digestion. Although our extraction procedure does not 
appear to differ greatly from that of Mattson et al. (52), 
conversion of the 2-isomer to the 1-isomer may have occurred 
during the removal of solvent from our samples, particularly 
those obtained after feeding cottonseed oil or hydrogenated 
lard. With the acetylated monoglycerides, predominantly 
1-monoglycerides would be expected from the configurations 
of the original fat (table 2). 

Monoacetylated monoglycerides, whether fed or formed 
in the gastrointestinal tract, apparently were hydrolyzed 
fairly rapidly by lipases, as judged by the small amounts 
recovered. Similarly, diglycerides arising during the lipoly- 
sis of the hydrogenated lard in the stomach seemed to be 
hydrolyzed rapidly since infrared analysis of this sample 
indicated no diglyceride. The same technique indicated ap- 
pearance of diglycerides in the other samples from this diet. 
Since absorption is negligible in the stomach, these results 
suggest that complete splitting of a given molecule of satu- 
rated fat is accomplished before another molecule is started. 
This mechanism has been proposed by Balls et al. (’37-’38) 
on the basis of the in vitro action of pancreatic lipase on 
tristearin. 

The ‘‘di- and triglyceride’’ fractions decreased consider- 
ably in the stomach samples from the diets containing hydro- 
genated lard and the acetylated monoglycerides but never 

*Mr. W. P. Blum, who has earried out these infrared analyses, has discovered 
a very specific difference between the spectra of crystals of the 1- and 2-isomers. 


The 1-monoglycerides absorb strongly at a wavelength of 10.084 whereas the 
2-monoglycerides absorb strongly at 10.19 4. Mixtures absorb at both wavelengths. 
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disappeared completely at any time during digestion. In 
most instances the relative amount of ‘‘di- and triglyceride’’ 
increased in the fecal sample. Absorption of fatty acid from 
or resynthesis of glycerides in the colon may have occurred. 


DISCUSSION 


In spite of extensive studies on the fate of dietary fat, the 
mode of digestion of unsaturated and saturated fats under 
approximately normal dietary conditions had not heretofore 
been determined. Most previous investigations of fat utili- 
zation in the rat have dealt either with the overall aspect 
by comparing dietary intake with fecal output and expressing 
the result as the coefficient of digestibility or with the com- 
position of the lipids recovered from the intestinal tract 
after giving a fat by stomach tube to a fasting rat. The 
former technique is valuable in measuring the absorption 
of a fat but can only describe an overall result. The latter 
procedure does not regard the impact of dietary constituents 
other than fat on the digestion of the fat itself. The impor- 
tance of other factors is illustrated by the work of Desnuelle 
and Constantin (’52), who found that administering calcium 
as well as fat to rats increased the rate of intestinal lipolysis. 
The inclusion of fat in a normal diet should permit a more 
accurate picture of the digestive processes, recognizing that 
the residual lipids reflect the equilibrium resulting from 
lipolysis, re-esterification and absorption. 

In general, our results with cottonseed oil, an unsaturated 
triglyceride, are similar to those of previous studies with 
fat administration by stomach tube. Little lipolysis occurred 
in the stomach, but the lipid recovered from the small in- 
testine contained large amounts of fatty acid and lesser 
amounts of mono-, di, and triglycerides. In fact, the levels 
of fatty acid were higher than might have been predicted 
from previous results. The components of the lipid recovered 
from the cecum-colon differed little from those of the small 
intestine but the fecal lipid was characterized by an increase 
in the ‘‘di- and triglyceride’’ fraction. The digestion of fully 
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saturated fats heretofore has been neglected except for work 
by Mattson et al. (’54) with tricaprin. Our results with hy- 
drogenated lard indicate that a greater gastric lipolysis dis- 
tinguishes the digestion of these fats from that of triglycer- 
ides containing unsaturated fatty acids. 

The digestion of an acetylated monoglyceride is analogous 
to that of a corresponding triglyceride. When mono- and 
diacetylated monoglycerides containing only saturated fatty 
acids were fed, high levels of fatty acid and relatively low 
levols of intermediate lipolytic products were recovered from 
all sites of collection. A mixture of saturated and of un- 
saturated acetylated monoglycerides (myvacet Type 9-40) 
was digested in a similar fashion except for a lower level 
of free fatty acid in the stomach. 

The fate of acetic acid, glycerol, and glycerol esters of 
acetic acid, which appear during the lipolysis of the acetylated 
monoglycerides, has been extensively studied. Deuel and co- 
workers found that triacetin was a source of liver glycogen 
(’37) and that triacetin was absorbed more rapidly from the 
gastrointestinal tract in three hours than any other fat tested 
(’40). Cox (’33) found that 55% of triacetin in the diet 
produced good growth and appeared to be converted into 
longer chain, unsaturated fatty acids. McManus et al. (’43) 
fed triacetin equal in calorie value to 15% glucose and con- 
cluded that the triacetin was utilized with a degree of efficiency 
equal to that of glucose. When the acetic acid was given as 
the sodium salt, Deuel et al. (’41) indicated that it was ab- 
sorbed less than many other acids in the free or salt form. 
However, the recovery of only the intestinal contents raises 
the question of differential retention rates of the various 
acids by the stomach. Garner and Roberts (’54) found that 
the maximum level of dietary sodium acetate which could be 
tolerated by rats appeared to Se about 13%. However, the 
sodium increment probably also played a role in determining 
this tolerance. In view of these results and of the metabolic 
importance and ubiquity of acetic acid and glycerol, there 
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seems to be no doubt that these portions of the acetylated 
monoglycerides would be utilized efficiently. 

Although the fully saturated fats were split rapidly, the 
relatively large amounts of fecal lipid indicate that the di- 
gestive products of these fats are utilized less efficiently than 
those of the unsaturated fats. Cheng et al. (’49) found low 
coefficients of digestibility of 10.6 and 12.8 for tristearin and 
tripalmitin, respectively, when these fats were fed at levels 
of 15% in the diet. However, the digestibility of the saturated 
acetylated monoglycerides is apparently much higher since 
Robbins and Ambrose (’55) have reported that the coefficient 
of digestibility for acetostearin is 80 to 85%. The behavior 
of the acetylated monoglycerides may resemble that of butter- 
fat and coconut oil. Deuel (’54) has suggested that the rela- 
tively high initial rate of absorption of butterfat may result 
from rapid utilization of the short-chain glycerides. Coconut 
oil, though containing about 85% of fully saturated triglycer- 
ides (Hilditch, ’40) has a digestibility coefficient of 93 to 
99 even when fully hydrogenated (Evans and Lepkovsky, 
32; Hoagland and Snider, ’43a), although the former work- 
ers may not have recovered all soaps. These results indicate 
a rapid utilization of the relatively short-chain fatty acids 
which are predominant in coconut oil. In addition, the work 
of Barnes et al. (’44) indicated that the presence of short- 
chain acids may even enhance the utilization of long-chain 
saturated fatty acids. These workers showed that incorpo- 
ration of hydrogenated fats into butter or lard gave no ap- 
parent alteration in the digestibility of ‘‘hardened’’ butterfat 
but decreased that of ‘‘hardened’’ lard. 

Studies by Cheng et al. (’49) with lard of varying degrees 
of hydrogenation have shown that decreasing the unsatu- 
rated fatty acid in the dietary fat decreases the utilization 
of the fat. However, very little has been done to determine 
whether the digestion of saturated fats in a normal diet is 
influenced by the large amount of unsaturated fats present. 
Hoagland and Snider (’43b) found that the digestibility of 
small amounts of tristearin dissolved in olive oil was very 
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low. Carver and co-workers (’54) reported that the absorp- 
tion of hydrogenated tallow by the chick was not enhanced 
by the presence of partially unsaturated fats. On the other 
hand, the data presented by Mattil and Higgins (’45) indi- 
cated that the addition of unsaturated fat to the diet increased 
the digestibility of tristearin relative to that reported by 
Cheng and co-workers (’49) for tristearin alone. Our data 
provide further evidence for such an effect. Myvacer Type 
9-40, which contains about 40% fully saturated glycerides 
depending on the fatty acid composition of the lard from 
which it is derived, disappeared in the intestinal tract to 
almost the same extent as cottonseed oil or lard. These 
results confirm in essence the coefficient of digestibility of 
99% reported by Robbins and Ambrose (’55) for acetooleins, 
of which one was myvacet Type 9-40. 


SUMMARY 


The mode of digestion of cottonseed oil, lard, hydrogenated 
lard, and distilled acetylated glycerides has been studied by 
analyzing the lipid recovered from the stomach, small in- 
testine, cecum-colon, and feces after feeding diets containing 
the various fats to adult rats. 

The digestion of cottonseed oil and lard followed the pat- 
tern which might be predicted for partially unsaturated 
triglycerides. Little lipolysis occurred in the stomach, but 
extensive lipolysis occurred in the small intestine, with the 
resulting products being absorbed rapidly. 

The digestion of a characteristic saturated triglyceride, 
fully hydrogenated lard, was similar to that of unsaturated 
triglycerides except for a greater degree of gastric lipolysis. 
This increased lipolysis appeared to reflect some physiologi- 
cal effect of the fat. In contrast to the unsaturated triglycer- 
ides, a large amount of fecal lipid was found, indicating a 
relatively poor absorption coefficient for the hydrogenated 
lard. 

The digestion of the distilled acetylated saturated mono- 
glycerides prepared from hydrogenated lard coincided with 
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that of hydrogenated lard. The digestion of distilled, ace- 
tylated, mixed saturated and unsaturated monoglycerides 
prepared from lard was intermediate between those for the 
saturated and unsaturated triglycerides. Analogous to that 
of other fats, the absorption of the digestive products of 
the distilled acetylated monoglycerides depended largely on 
their fatty acid composition. 
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TWO FIGURES 


Unidentified nutritional factor(s) required by rumen micro- 
organisms im vitro have been described by several inves- 
tigators (Hungate, 50; Burroughs et al. °50; Huhtanen 
et al., 52; Doetsch et al., 52; Bentley et al., 53; Garner et 
al., 54). Ruf et al. (’53), Bentley et al. (’54b) and McNeill 
et al. (54) found that a heat stable substance(s) could be 
concentrated by adsorption from various natural materials, 
including rumen juice. The microbial response to these 
factors as shown by increased cellulose digestion and volatile 
fatty acid production also appears to involve certain B- 
vitamins, particularly biotin, para aminobenzoic acid (PA 
BA), vitamin B,., vitamin B,, and pantothenic acid (Hall 
et al., 53; Bentley et al., 54a). 

In a preliminary report, Bentley et al. (’54c) showed that 
certain short-chain fatty acids had cellulolytic-factor activity 
for rumen microorganisms. Likewise, Bryant and Doetsch 
(’55) found that Bacteroides succinogenes, previously isolated 
from rumen contents, required a combination of a branched- 

* Approved for publication as a journal article No. 29-55 by the Associate Di- 
rector of the Ohio Agricultural Experiment Station. 

* We gratefully acknowledge the support, in part, or the studies reported herein 
by a Grant-in-Aid from Swift and Company, Chicago. Illinois. 
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chain (iso-butyric or iso-valeric) and a straight-chain acid 
(valerie or caproic) for growth in a purified medium. The 
results to be presented herein describe in detail the cel- 
lulolytie-factor activity of short-chain fatty acids and also 
their relationship to non-protein nitrogen utilization. 


EXPERIMENTAL 


Inoculum. Rumen juice which was expressed from ingesta 
obtained through a permanent ruminal fistula in a steer 
fed a good-quality alfalfa hay was used as a source of the 
inoculum. The filtered juice (cheesecloth) was passed through 
a Sharples supercentrifuge and the microflora and other 
suspended material collected on a celluloid liner placed in the 
centrifuge cylinder. The sediment from one liter of juice 
was suspended with the aid of a loose fitting Potter-Elvehjem 
homogenizer in 200ml of phosphate buffer (pH 7.0) which 
contained 0.01% cysteine-HCl. Eight milliliters of this suspen- 
sion were used to inoculate the in vitro fermentation flasks. 

Assay method. The composition of the basal medium was 
as follows in grams per 100ml: cellulose, 1.0; urea, 0.168; 
glucose, 0.1; disodium hydrogen phosphate, 0.113; sodium 
dehydrogen phosphate, 0.109; potassium chloride, 0.043; mag- 
nesium carbonate, 0.004; calcium chloride, 0.004; sodium 
chloride, 0.043; sodium sulfate, 0.015; sodium carbonate, 0.2; 
ferric chloride (6H,O), 0.044. Para-aminobenzoic acid (50 
ug/100 ml) and biotin (20 yg/100 ml) were also added. Ad- 
justments in the pH (6.7 to 6.9) when indicated by pH 
determinations were made by the addition of a saturated 
sodium carbonate solution. Carbon dioxide bubbled through 
the flask contents served to establish anaerobiosis and to 
agitate the suspension. 

At the end of the 30-hour fermentation perioed, the volume 
was adjusted to 100ml and the disappearance of cellulose 
determined on duplicate 10 ml samples of the reaction mix- 
ture. Cellulose was determined by a procedure developed 
in this laboratory (Hershberger et al., 55) based on a 
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modification of the Crampton-Maynard method (Crampton 
and Maynard, 738). 

The increase in 10% trichloroacetic acid (TCA) insoluble 
nitrogen was used as an indication of microbial protein 
synthesis. 

Distillation of volatile fractions from rumen juice. Dis- 
tillates from centrifuged rumen juice acidified to pH 2 to 2.5 
with 85% phosphoric acid were prepared in a Kjeldahl 
apparatus. After the initial distillation, the flask and contents 
were cooled, diluted with water and redistilled. Three such 
distillations were carried out in an effort to remove all of 
the volatile components. Similar distillations were made 
from rumen juice adjusted to pH 10 to 11 with sodium 
hydroxide. 

Chromatographic separation of fatty acids. Volatile fatty 
acids were separated using the method of Moyle et al. (’48) 
with slight modification. Samples of rumen liquor or dis- 
tillates (5 to 6ml) mixed with 10 gm of dry silicic acid were 
added as a chloroform slurry to a buffered (pH 7.25) silicic 
acid column (Harper, ’53). The chromatogram was then 
developed using successive portions of one, 5, 15, 30 and 
80% butanol in chloroform, equilibrated with water. 


RESULTS 


The results summarized in figure 1 show the cellulolytic 
response of rumen microorganisms in vitro. As has been 
previously reported from our laboratory, the addition of 
rumen juice (Bentley et al., 54b) or the distillate from 
acidified rumen juice (Bentley et al. ’54c) increased the 
rate of cellulose digestion about three-fold. Further, it was 
found that the distillates from alkaline rumen juice (pH 
10 to 11) were inactive. 

The behavior of the active components in the distillates 
suggested that a volatile fatty acid might be involved. Short- 
chain fatty acids (up to 10 carbons in length) were added 
to the medium at levels of from two to 10mg per 100ml 
of reaction mixture. As can be seen in figure 1, valerie or 
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caproic acid increased the rate of cellulose digestion almost 
three-fold while iso-butyric or iso-valeric acid were about 
two-thirds as effective as the straight-chain acids. Acetic, 
propionic and butyric acids, which are produced in relatively 
large amounts by rumen microorganisms, and formic acid 
were ineffective, as were the C; to Cy acids tested. The 
acids were added to the medium and the pH was adjusted. 





10 20 30 40 50 60 


CELLULOSE DIGESTION, %% 


Fig. 1 The cellulolytie response of rumen microorganisms to additions of rumen 
juice supernatant, a distillate prepared from acidified rumen juice supernatant, 
and various straight- and branched-chain fatty acids to the fermentation medium. 
Ten milliliters of rumen juice, the distillate from 20 ml of rumen juice, and 10 mg 
fatty acids were added per flask. 
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The response in cellulose digestion to different levels of 
valeric acid is shown in table 1. These results together with 
the cellulose digestion data in table 2 indicate that a maximum 
response was elicited by 10 mg of valeric acid per flask. The 
addition of more acid (20 to 50mg) appeared to depress 
the rate of cellulose digestion. 

Besides increasing cellulose digestion, valerie acid affected 
the rate of urea nitrogen utilization as indicated by the 
increase in TCA-insoluble protein in the fermentation flasks 
(see table 2). The presence of more protein would suggest 


TABLE 1 


The effect of various levels of valeric acid on cellulose digestion 








AVERAGE 
wore ..__\ a 
Basal 5 19.4 + 2.9? 
Basal + valerie acid, 2 mg/flask 1 34.0 
Basal + valerie acid, 4 mg/flask 2 43.5 + 3.0 
Basal + valerie acid, 10 mg/flask 5 58.2 + 9.4 
Basal + valerie acid, 20 mg/flask 1 43.0 
Basal + valerie acid, 50 mg/flask 1 38.0 
5 57.8 + 5.4 


Basal + centrifuged rumen juice, 10% ? 





* Standard deviation from the mean. 
*Since centrifuged rumen juice gave maximum growth-factor activity, it was 
used as a positive control in each experiment. 


TABLE 2 


Valeric acid and the increase in trichloracetic acid (TCA)-insoluble nitrogen 








MEDIUM 1 TCA-N/100 ML panne 

mg Jo 
Basal 4.7 5.4 
Basal + 1mg valerie acid/flask : 6.7 16.8 
Basal + 2mg valerie acid/flask 9.0 33.8 
Basal + 3 mg valerie acid/flask 9.5 39.4 
Basal + 5mg valerie acid/flask 11.0 57.6 
Basal + 8 mg valerie acid/flask 10.5 59.3 
Basal + 10 mg valerie acid/flask 10.7 63.2 





*TCA-insoluble protein nitrogen per flask. 
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that bacterial numbers had increased as a result of adding 
valerie acid. 

Studies carried out by Hall et al. (53) and Bentley et 
al. (’53) had indicated that under certain conditions B-vita- 
mins exert an effect on the rate of cellulose digestion in 
vitro. Bentley et al. (’54b) found that the cellulolytie response 
to various fractions prepared from rumen juice was greater 
in the presence of biotin, PABA, and vitamin B,». 

The addition of valerie acid to the basal medium without 
biotin and PABA gave no response in cellulose digestion 


TABLE 3 


Biotin, PABA, and valeric acid and cellulose digestion 





CELLULOSE DIGESTED 
ADDITION TO MEDIUM ! 


Experiment Experiment 
Sra ee a _ “ 

Biotin and PABA 21.6 22.8 
Valerie acid, 10 mg/flask (V.A.) 19.3 31.9 
V. A. + biotin 58.0 44.3 
V.A.+ PABA 27.3 36.4 
V. A. + biotin + PABA 61.3 56.9 
V.A. + biotin + PABA + vitamin B,, 54.6 

Centrifuged rumen juice 62.5 61.4 





* Basal medium used in these experiments the same as described under ‘‘ Experi- 
mental’’ except that the biotin and PABA were omitted. 


(see table 3). However, valeric acid with either of the 
vitamins alone or a combination of them was stimulatory. 
The effect of the two vitamins was additive. 

The short-chain fatty acids in rumen juice were separated 
chromatographically using a silicic acid column. A typical 
separation of the fatty acids is shown in figure 2. Rumen 
juice was found to contain from 0.21 to 0.35 mg of valeric 
acid and a trace to 0.08mg of caproic acid per milliliter 
(see table 4). It is apparent that the distillation procedure 
used failed to remove all of the volatile fatty acids from the 
rumen juice. 
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TABLE 4 


Short-chain fatty acid content of rumen juice 


DISTRIBUTION OF ACIDS ! 


Acid distillate from rumen juice 








Rumen juice 














a Hours after feeding? ay Hours after feeding 
0 n ‘est <pe =e ower Me 9 
Caproie 0.04 0.08 Trace Trace Trace 0.02 Trace Trace 
Valerie 0.21 0.35 0.23 0.22 0.18 0.26 0.10 0.07 
Butyrie 0.78 0.67 
Propionic 1.54 1,33 





Acetic 3.98 3.73 
* Expressed in milligrams per milliliter. 
* Sample of rumen contents taken at the indicated time intervals after feeding 


the animal hay. 
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Fig. 2 The distribution of C, to C, fatty acids in 5 ml of rumen juice super- 
natant. By this procedure, 97.8% of the titratable acidity was recovered. The iso- 
acids, if any were present, were not separated by this method. With mixtures of 
pure (commercial) acids, quantitative recovery of acetic and propionic acids was 
obtained; however the recovery of the next three acids was somewhat less, ¢.g., 
butyric, 94.7%; valerie, 84.8%; and eaproic, 82.8%. 
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These analytical findings are in agreement with those of 
Annison (’54) and Annison and Pennington (’54) in that 
only trace amounts of caproic acid are present in rumen 
juice. Thus it appears that valeric acid would be the most 
likely source of short-chain fatty acid activity in the rumen 
of the intact animal under natural conditions. Likewise, 
rumen juice contains all of the B-vitamins. 


TABLE 5 


Effect of distillation on factor activity of natural materials 





CELLULOSE DIGESTION 








ADDITIONS TO BASAL MEDIUM Experiment Experiment 

Cc D 

% % 
None 18.2 20.5 
Dist. from acidified alfalfa meal ext. 29.6 31.6 
Dist. from acidified yeast ext. 20.5 ee 
Dist. from acidified dried distillers’ solubles 20.5 19.3 
Yeast ext. 62.5 Dee 
Residue from distillers’ solubles after acid distillation 56.9 56.9 
Centrifuged rumen juice, 10% 61.4 60.3 








Ruf et al. (53), Bentley et al. (’54b), and McNeill et al. 
(’54) have reported that various natural materials contained 
cellulolytic-factor activity for rumen microorganisms. At- 
tempts to separate the active components by distillation from 
acidified water extracts of alfalfa meal, yeast extract, or 
dried distillers fermentation solubles or suspensions of these 
materials were unsuccessful. Further autoclaving of these 
materials in 1.0 N HCl for 12 hours did not affect the release 
of a volatile growth-stimulating factor. The data are pre- 
sented in table 5. 


DISCUSSION 


These results suggest that 5- and 6-carbon acids, either 
branched or straight chain, are important in the metabolism 
of a mixed rumen microorganism population as grown m 
vitro. The report by Bryant and Doetsch (’55) with B. suc- 
cinogenes further substantiates this conclusion. Since one 
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of the major functions of the rumen microflora is the degrada- 
tion of cellulose from roughages to acetic, propionic and 
butyric acids, it is probably not surprising that these acids 
were found to be inactive. However, these acids may be 
involved in the formation of the 5- and 6-carbon acids. Gray 
et al. (51a) found that carboxyl-labelled radioacetate incu- 
bated in vitro with rumen contents gave rise to radiobutyrate, 
radiovalerate, and radiopropionate. In similar experiments 
radiopropionate gave rise to radiovalerate and a trace of 
radioacetate. It thus appears possible that the 5- and 6-carbon 
acids may take part in metabolic systems involving the 
normal end products of carbohydrate digestion in the rumen, 
namely, short-chain fatty acids. 

Since Elsden (’46) first investigated the volatile fatty acids 
in rumen juice, Gray et al. (’51b) have also demonstrated 
the presence of iso-butyric, valeric, caproic and heptanoic 
acids. Annison (’54) made a thorough investigation of the 
distribution of branched- and straight-chain fatty acids using 
the gas-liquid partition chromatography method. These work- 
ers found valerie acid to be present in amounts comparable 
to those reported herein (table 4) while caproic acid was 
present in trace amounts. Besides in rumen juice, 5-carbon 
acids, both straight and branched, have been found in other 
products from ruminant animals, such as beef tallow and 
wool fat (Hansen and McInnes, ’54). 

El-Shazly (’52) found that both straight and branched 
short-chain fatty acids were among the degradation products 
formed by rumen microorganisms from proteins and amino 
acids. A possible rélationship of El-Shazly’s findings to the 
microbial-stimulating action of volatile acids is that certain 
amino acids, particularly valine and proline, stimulate cel- 
lulose digestion by rumen microorganisms in vitro. A pre- 
liminary report of this observation has appeared (Bentley 
et al., 54c) and more work on this phase is now in progress. 
Further, if these factors influence amino acid metabolism 
or synthesis or both, it becomes of interest, particularly since 
the utilization of urea nitrogen by the rumen microflora for 
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amino acid synthesis (Loosli et al., ’49) is of practical 
importance in livestock feeding. 

Nevertheless, there still appear to be additional rumen 
microbial factors in natural feedstuffs and in whole, uncen- 
trifuged rumen juice. A combination of valerie acid, biotin 
and PABA will duplicate the cellulolytic response obtained 
from yeast extract, rumen juice, ete., yet a non-volatile 
substance is present in these natural materials which is also 
active in vitro for rumen organisms. This relationship is 
also being further investigated. Hall et al. (’54) have found 
that partial hydrclysates of proteins stimulate the rate of 
cellulose digestion. This observation would likewise appear 
to be related to the type of response reported herein. 


SUMMARY 


Studies on the cellulolytic-factor activity of rumen juice 
for rumen microorganisms in vitro indicated that the volatile 
fatty acid fraction contained the activity. Results of in vitro 
experiments using commercially available volatile fatty acids 
showed that valeric and caproic acids and to a lesser extent 
iso-butyric and iso-valeric acids markedly increased the rate 
of cellulose digestion and ammonia utilization. Analytical 
results showed that the activity of the volatile fatty acid 
fraction of rumen juice was primarily due to valeric acid. 

Biotin and para-amino benzoic acid were also required by 
the microflora for maximum cellulose digestion. 

This vitamin short-chain fatty acid combination duplicated 
but was not identical to the microbial cellulolytic factor(s) 
previously found to be present in certain natural feedstuffs 
fed to cattle and sheep. 
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INTRODUCTION 


Although widely distributed in the tissues of many species, 
pantothenic acid is frequently found at a low concentration 
in feedstuffs fed to swine. Under conditions of dry-lot feed- 
ing, natural diets for growing pigs must often be supple- 
mented with this vitamin to achieve optimum performance. 
It is also a frequent practice to add pantothenic acid to the 
diets of pregnant and lactating swine, although the minimum 
requirement of this vitamin for normal reproduction has 
not been established. 

Hodgkiss et al. (’50) using a purified diet attempted to 
produce pantothenate deficiency in pregnant gilts. However, 
the basal diet proved inadequate and pigs born in the control 
litters were weak at birth and died within 36 hours. Nelson 
and Evans (’46) reported that pantothenate deficiency in- 
stituted on the 13th day of gestation did not interfere with 
reproduction in rats. When the deficiency was instituted 16 
to 23 days before mating or as late as the day of mating, 
failure of implantation, resorption, or defective litters always 
resulted. Inanition was eliminated as a contributing factor 
by use of the paired-feeding technique. 


*From a thesis submitted by the senior author to the Graduate College of 
the University of Illinois in partiai fulfillment of requirements for the Ph.D. 
degree, 1954. 

Approved for publication by the director of the Agricultural Experiment 
Station. 
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Unpublished observations by our group suggested that there 
might be more than a casual relationship between panto- 
thenate deficiency and reproductive pathology in female 
swine. The following investigation had as its objectives to 
establish an approximate requirement of pantothenic acid 
for reproduction, and to characterize and elucidate further 
the deficiency symptoms previously noted. 


MATERIALS AND METHODS 


Experimental design. Forty gilts of approximately equal 
age and weight were assigned to the test. They were divided 
into two replicates of 4 groups each, and the 5 gilts (litter 
mates or half-sisters) of each group were divided at random 
among the 5 pens constituting a replicate. One replicate 
contained Durocs; the second contained Hampshires and 
Hampshire-Yorkshire crossbreds. 

For 28 days they were hand fed the basal diet plus a vita- 
min supplement, omitting calcium pantothenate (table 1). 
At the end of this depletion period, the number of gilts was 
reduced to 32 by removing one member of each group. The 
bases upon which gilts were discarded were: (1) positive or 
suspect reaction to the brucellosis test; (2) lameness asso- 
ciated with housing on concrete; and (3) substandard weight 
gains. The 16 Duroc gilts remaining in replicate 1 were allotted 
at random from related groups to lots 1 through 4. Similarly, 
the 7 Hampshires and 9 Hampshire X Yorkshire gilts in 
replicate 2 were allotted to lots 5 through 8. Treatments were 
initiated as follows: lots 1 and 5, no calcium pantothenate; 
lots 2 and 6, 4.4 mg of calcium pantothenate/kilogram of feed; 
lots 3 and 7, 11.0mg of calcium pantothenate/kilogram of 
feed; lots 4 and 8, 17.6 mg of calcium pantothenate/kilogram 
of feed. 

Feed intake was equalized between lots as far as possible 
during the prenatal period. Those gilts which farrowed were 
fed to the limit of their appetites during lactation. 
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During the first 8 weeks of the test (4 weeks depletion and 
4 weeks treatment), the gilts were checked every second day 
with a boar for the occurrence of oestrous. At the end of the 
8th week, breeding was initiated. Two different boars served 
each gilt during a single oestrous. The gilts were first bred 
on the initial day of heat and bred the second time 12 to 
24 hours later. Individuals which continued to exhibit oestrous 
were bred in the same manner until oestrous periods ceased 
or until they were slaughtered. 


TABLE 1 


Basal diet* and daily vitamin supplement * 








INGREDIENT INGREDIENT 

Byun he Jo oe Syed mg 
Corn starch 61.4 Thiamine HCl 9.0 
Drackett protein 220° 18.4 Riboflavin 18.0 
Cerelose 10.0 Nicotinic acid 120.0 
Wood flock 3.0 Folie acid 3.0 
Crude corn oil 2.0 Pyridoxine HCl 9.0 
Vit. A and D oil 0.5 Vit. B,, in mannitol 90.0 
(3000A, 600D/gm ) (1 mg B,,/gm) 
Choline chloride 0.2 Biotin 0.18 
DL-methionine 0.5 Para-amino benzoic acid 60.0 
Mineral mixture ‘ 4.0 Inositol 540.0 
Alpha tocopherol acetate 2-methyl-1, 5.4 
(11 mg/kg feed) — 4-naphthoquinone 

100.0 Ascorbic acid 100.0 





* Microbiological assay of Skeggs and Wright (’44), with intestinal phosphatase 
and chick pancreatic enzyme digestion for total pantothenic acid, indicated a 
free pantothenic acid content of 1.1 4g/gm and a bound pantothenic acid content 
of 0.4 ug/gm. 

? Provided in a premix of cerelose and fed at the rate of 5 gm of premix/gilt/ 
day during gestation. Amount was doubled during lactation. The appropriate 
amount of Ca pantothenate was fed daily in proportion to the amount of basal 
diet fed. In addition, once a week each gilt received 55,000 I.U. of vitamin A, 
11,000 I.U. of vitamin D, and 210mg of alpha-tocopherol acetate (420 mg 
during lactation). 

*An isolated soybean protein obtained from The Drackett Products Co., 
Cincinnati, Ohio. Crude protein content, 81.38%. 

*CaHPO,, 29.5kg; NaCl (iodized), 7.3kg; K,CO,, 6.4kg; MgCO,, 1557.2 gm; 
FeSO,-H,0, 454.0 gm; MnSO,-H,0, 136.2 gm; CoCi,-H,0, 45.4 gm; CuSO,, 45.4 gm; 
NaF, 9.1 gm; ZnCO,, 18.2gm; KI, 4.5 gm. 
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Pregnant gilts were weighed on the 107th day of gestation, 
washed, and moved to individual pens, where they remained 
until their pigs were weaned at 5 weeks of age. 

The gilts which had farrowed were rebred as soon after 
weaning as they would accept the boar. It was assumed that 
the gilts had conceived if oestrous did not recur, and they were 
slaughtered 24 to 28 days after breeding. 

Among those gilts which had not farrowed, the individuals 
exhibiting estrus were bred and killed within 5 days. The 
individuals in which oestrous had ceased were slaughtered at 
approximately the same time. 

Housing. The gilts were housed continuously on concrete 
with wood shavings as bedding. The pens were cleaned daily 
and washed with water at least once a week. 

Collection of milk samples. A composite sample of milk 
from all teats of each gilt was obtained during the third or 
4th week of lactation. This was done by hand milking the 
gilts after intramuscular administration of 1 to 2 ml of a 
posterior pituitary extract.2 The milk samples were mixed, 
frozen, and stored at — 20°C. for two months until assayed 
for free and bound pantothenic acid.* 

Hematology. Blood was collected at the time of slaughter 
and was prevented from clotting by mixing with 0.8 mg of 
sodium heparin per milliliter of blood. Erythrocyte and 
leucocyte counts were made with a hemocytometer. The 
per cent hematocrit was determined by centrifuging blood- 
filled Wintrobe tubes at 3,000 r.p.m. for 30 minutes. Hemo- 
globin was determined by the acid hematin method of Cohen 
and Smith (19). 

Five milliliters of unheparinized blood were mixed with 
5 volumes of cold (0°C.) 10% trichloroacetic acid solution for 
the purpose of determining blood pyruvate. The method of 
Friedmann and Haugen (’43) was used. 


* Manufactured by Allied Laboratories Division of Pitman-Moore, Indianapolis, 


Indiana, 
*These assays were performed by the Research Laboratories of Merck and 
Company, Ine., Rahway, New Jersey. 
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Post-mortem examination. A careful inspection of the 
animal carcass was made both before and after opening the 
body cavities. The adrenals and ovaries were excised and 
weighed. A complete description of the ovaries was recorded, 
including number and diameter of corpora lutea and follicles. 
The reproductive tract was examined for the presence of 
ova or embryos. Within 30 minutes of death, the hypophysis 
was removed and refrigerated until it could be frozen (usually 
less than two hours). 

Samples of tissues exhibiting gross abnormality were fixed 
either in a solution of FAA‘ or Bouin’s fluid® for micro- 
scopic examination. It was standard procedure to fix samples 
of the following tissues whether gross lesions were visible 
or not: liver, spleen, ventricular myocardium, kidneys, adre- 
nals, ovaries, uterus (both under and between embryos if 
the uterus was gravid), embryos, and adductor muscle. The 
tissues were imbedded in paraffin, sectioned at 8.5 p, cleared 
in xylene, and stained with hematoxylin and eosin for micro- 
scopic examination. 

Hormone assay. The gonadotrophic and thyrotrophic ac- 
tivity of hypophyses removed from gilts fed different levels 
of calcium pantothenate was compared using the two-day-old 
male chick assay described by Robinson and Nalbandov (’51). 
The pituitary powder was suspended in 0.5 ml of water at 
each injection. Both water-injected and non-injected controls 
were employed. 


RESULTS AND DISCUSSION 


Weight gains and feed consumption. The mean daily gain 
of the 40 gilts during the last 14 days of depletion was 0.45 
+ 0.14 kg. Average daily feed consumption per gilt was 1.8 kg. 

The accumulated average daily gains during the first 140 
days of treatment are presented in table 2. This period was 
chosen since it included the period when deficiency symptoms 

‘Formalin, 15%; 95% ethanol, 80%; glacial acetic acid, 5%. 

*Glacial acetic acid, 5%; formalin, 24%; saturated aqueous solution of 
pierie acid, 71%. 
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were developing in those gilts receiving low levels of panto- 
thenic acid. It may be observed that the gilts in replicate 1 
receiving 15mg of pantothenic acid per kilogram of diet 
were affected earlier and more severely than those in the 
corresponding lot in replicate 2. 

The average daily feed consumption per gilt during the 
first 140 days of treatment is presented in table 2. Individuals 
in lot 1 first exhibited anorexia 82 days after initiating the 


TABLE 2 


Accumulated average daily gain and average feed consumption, 
during the first 140 days of treatment* 





LOT PANTOTHENIC yeuwe OF TREATMENT IN 4-WEEK INTERVALS AV. DAILY 








No. ACID 1 2 3 4 5 FEED/GILT 
mg/kg kg kg kg kg kg kg 

Replicate 1 

1 1.5 0.53 (4) 0.26 (4) 0.18 (2) 0.11(1) 0.07 (1) 1.49 

2 5.9 0.40 (4) 0.37 (4) 0.43 (4) 0.43 (4) 0.49 (4) 2.08 

3 12.5 0.48 (4) 0.42 (3) 0.49 (3) 0.48 (3) 0.51(3) 2.07 

4 19.1 0.51(4) 0.32 (4) 0.48 (4) 0.47 (4) 0.48 (4) 2.09 
Replicate 2 

5 1.5 0.44(4) 0.34(4) 0.31(4) 0.30(4) 0.25 (3) 1.94 

6 5.9 0.50 (4) 0.41(4) 0.48 (4) 0.48 (4) 0.45 (4) 2.08 

7 12.5 0.45 (4) 0.32 (4) 0.38 (3) 0.37 (3) 0.42 (3) 2.07 


8 19.1 0.48(4) 0.40(4) 0.49(3) 0.49(3) 0.49(3) 2.06 


*The values were obtained by dividing the total lot gain or feed by the 
number of gilt-days. The number of gilts surviving at the end of each interval 
is enclosed in parentheses. 





experiment. Lot 5 gilts lost their appetite after 107 days, 
regained it 4 days later, and next went off feed on the 151st 
day. The appetites of the gilts in the other lots remained 
generally good throughout the test. 

Gestation performance. Data pertaining to gestation per- 
formance may be found in table 3. No pigs were born to gilts 
receiving 15mg of pantothenic acid per kilogram of feed 
although all but one individual exhibited oestrous and were 
bred. After the initial breeding, gilts in lot 1 did not again 
exhibit oestrous. 
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Gilts in lot 5 continued to cycle longer although they were 
bred at each oestrous. Autopsy data indicated conception had 
occurred in one individual which had been bred during each 
of 8 estrual cycles, but degeneration of the blastocysts had 
followed within a week of the last breeding. In a second 


TABLE 3 


Gestation and lactation performance 














REPLICATE 1 REPLICATE 2 
LOT NO. 1 2 3 4 5 6 7 ~ 
PANTOTHENIC ACID 
MG/KG FEED 15 65.9 12.5 19.1 15 5.9 12.5 19.1 
Services for conception — 2.0 2.0 2.5 - 2.0 2.0 2.0 
Litters farrowed 0 3 3 4 0 4 2 3 
Pigs per litter - 8.3 8.7 9.5 - 6.8 8.0 6.0 
Birth weight, kg - 1.4 1.0 1.4 - 1.2 1.3 1.0 
Litters weaned - 1 3 4 - 4 2 2 
Pigs weaned/litter ~ 1.7 6.0 9.2 - 3.5 8.0 4.53 
farrowed 
Weaning weight of ~ 8.9 45.1 62.8 - 260 574 39.3? 
litters farrowed, kg 
Free pantothenic acid - 2.1 3.8 3.7 - 1.1 2.8 3.1 
in milk, «g/ml? 
Total pantothenic acid —- 3.4 7.1 7.9 - 3.5 8.4 6.3 


in milk, »g/ml? 





1One gilt of very nervous temperament killed her pigs shortly after birth 
and was not included in calculating this figure. 

* Assayed according to the method of Skeggs and Wright (’44) with intestinal 
phosphatase and avian liver enzyme digestion for the determination of total pan- 
tothenic acid. 


case, implantation had occurred and 8 out of 10 embryos 
appeared normal at 28 days. This gilt had previously ex- 
hibited oestrous three times; oestrous had ceased for three 
months and then reappeared. 

Five gilts receiving 5.9mg or more of pantothenic acid 
per kilogram of diet did not farrow. An individual in lot 2 
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aborted 4 partially-resorbed fetuses on the 127th day of 
gestation. Using humerus length to estimate age, it appeared 
that development of these fetuses had stopped before the 
60th day of prenatal life. 

One gilt in lot 3 died of an acute infection after 39 days on 
test. 

A gilt in lot 7 which did not conceive, although bred at 
approximately 21-day intervals until slaughtered, was found 
to be ovulating normally. Chronic salpingitis and adhesions 
between the fimbriae and the ovaries precluded conception. 

One gilt in lot 7 and another in lot 8 died after 78 days 
on test. At autopsy, necrotic gastric ulcers were found, from 
which extensive hemorrhage had occurred. 

There was no significant difference between treatments in 
the number of pigs farrowed per litter. Birth weights were 
essentially the same. 

Although strength of the pigs at birth was not closely 
related to treatment, definite signs of physiological abnor- 
mality were noted in the offspring of gilts in lot 2. Nearly 
all individuals exhibited locomotor incoordination. Some pigs 
could not stand at all and lay with their legs outstretched. 
Others moved with spraddled rear legs. In general, the 
skeletal muscles lacked tone, allowing the rear quarters to 
weave unsteadily from side to side as the pigs walked. Those 
pigs which showed the greatest muscular coordination walked 
with a typical ‘‘goose-step.’’ Occasional individuals exhibited 
a persistent tremor of the head and body, resembling paraly- 
sis agitans. Diarrhea and frequent loss of blood from the 
anus was observed within a few hours after birth. 

Symptoms of deficiency were not noted at birth in pigs 
farrowed in lot 6. One gilt had considerable difficulty in 
farrowing and gave birth to 9 dead pigs, but the two which 
were alive appeared completely healthy. This difference be- 
tween lots 2 and 6 in their reaction to the same treatment 
was noted in varying degrees throughout the test. 

Lactation performance. Data pertaining to lactation per- 
formance are given in table 3. It may be noted that pigs in 
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only one of the three litters farrowed in lot 2 survived to 5 
weeks of age. Fifty-six per cent of the pigs born alive died 
before their 14th day of life. No such heavy loss occurred 
in the other lots. 

The average weaning weights of the litters farrowed were 
chosen as the measurements which reflected most completely 
the adequacy of the pantothenic acid levels to support total 
gestation-lactation performance. These measurements in- 
cluded, indirectly, an evaluation of the number of live pigs 
farrowed, the survival to 5 weeks, and the milk production 
of the gilts. The data were analyzed by the method of least 
squares for treatment differences, replicate differences, and 
treatment-replicate interaction. A highly (P < 0.01) signifi- 
eant difference was found among treatments. The perform- 
ance of pigs from gilts receiving 12.5 or 19.1 mg of pantothenic 
acid per kilogram of diet was significantly (P < 0.01) greater 
than those receiving 5.9mg. Differences between the two 
higher treatment levels, differences between replicates, and 
treatment-replicate interaction were not - significant. 

Results of the assay of the gilts’ milk for pantothenic acid 
are reported in table 3. Analysis of the free pantothenic acid 
data by the method of least squares established a significant 
(P < 0.05) difference between the 5.9mg and higher levels. 
There was no significant difference between the two higher 
levels or between replicates, nor was there significant treat- 
ment-replicate interaction. Differences between treatments 
in the amount of total pantothenic acid were not significant. 

Ante-mortem deficiency symptoms. Soft feces, diarrhea, 
and bleeding from the anus were noted in lots 1 and 5 about 
9 weeks after initiation of the experiment. Two weeks later 
locomotor incoordination appeared in lot 1. It gradually pro- 
gressed to ‘‘goose-stepping’’ and to eventual inability to rise. 
One gilt in lot 2 developed a similar condition after two 
weeks of lactation, and shortly after weaning her pigs was 
unable to rise. The other gilts in lot 2 developed a neuro- 
muscular sensitivity which was expressed as spastic move- 
ments of the rear legs upward toward the thigh. 
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Lot 5 gilts did not exhibit evidence of impaired locomotion 
until nearly 4 months after initiation of the experiment. None 
of the other lots appeared to be affected. 

The condition at birth of pigs born to gilts in lot 2 has 
already been described. The desire to nurse was somewhat 
reduced. Severity of muscular weakness, incoordination, and 
diarrhea increased until most of the pigs died. Dermatitis, 
alopecia, and the dark exudate about the eyes noted by Wiese 
et al. (51) in their study with the baby pig were not noted 
here. 

Hematology. Of the blood values studied, only the concen- 
tration of pyruvate appeared to have any relation to treat- 
ment. The limited data gathered in this study indicated that 
4mg % was the upper limit of the normal range of pyruvate 
concentration in the blood of these gilts. Five individuals 
exceeded this value, two in each of lots 1 and 5 and one in 
lot 2. The highest value recorded was 9.72mg%. From 
current knowledge of the biochemical role of pantothenic 
acid and thiamine in pyruvate oxidation, it might be expected 
that deficiencies of these two vitamins would be similar in 
their ability to inhibit pyruvate metabolism. However, an 
increased concentration of blood pyruvate was not a sensitive 
indicator of pantothenic acid depletion, occurring late in the 
deficiency and associated perhaps more closely with Selye’s 
general adaptation syndrome. 

Post-mortem observations. Gross pathology frequently 
noted in gilts from lots 1, 2 and 5 included fatty livers, 
enlarged adrenal glands, intramuscular hemorrhage, eccentric 
dilatation of the heart, rectal congestion, atrophic ovaries, 
and infantile uteri. The condition of the reproductive organs 
resembled the genital atrophy observed in pantothenic acid- 
deficient rats by Figge and Allen (’42). 

Gross pathology noted in pigs born to gilts in lot 2 included 
fatty liver and kidneys, flaccid cardiac muscle, intestinal 
congestion, ulceration and hemorrhage of the colon and rectal 
mucosa, excessive accumulation of urates in the renal pelvis, 
ureters, and bladder, and edematous and ischemic skeletal 
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muscle. In one instance, small hemorrhages were noted in 
the surface of the adrenal glands. 

Observations of the histo-pathology include the following: 
centro-medial-lobular fatty degeneration of the liver both in 
gilts and in pigs, accumulation of urates in the renal col- 
lecting tubules of the pigs, edematous cardiac muscle with 
cellular degeneration and indistinct striations, and pyknotic 
cells in the glomerulosa layer of some adrenals. The areas 
of intramuscular hemorrhage, found primarily in the adductor 
muscle group but once in the shoulder muscles of the deficient 
gilts, were accompanied by extensive cellular degeneration. 
The adductor and gracilis muscles of pigs born in lot 2 were 
edematous, the striations were indistinct, and extensive vacu- 
olation of the cytoplasm was evident. 

The ovaries of gilts in lots 1 and 5 were characterized by 
a high percentage of atretic follicles and few corpora lutea. 
Small ovary weight appeared to be related to loss of func- 
tional activity. No corpus luteum was present when the 
combined weight of the ovaries was less than 7gm. The 
proportion of interstitial tissue had increased to the detri- 
ment of the area occupied by follicles. In the most severely 
affected ovaries, from lot 1 gilts, dissolution of the follicular 
granulosa cells had occurred. Extensive degeneration of the 
theca folliculi was also evident. The small, turgid uteri 
removed from these same gilts were found to be unusually 
vascular. The endometrial glands were small in number and 
the uterine epithelium was low and compact. 

Hormone content of the pituitaries. Because the reproduc- 
tive systems of the deficient gilts exhibited such drastic 
changes, it was suspected that there might be abnormal pro- 
duction of gonadotrophins or thyrotrophins by the anterior 
pituitaries. An increased production of the gonadotrophic 
hormones might be expected, if the inhibitory influence of 
the ovarian steroids was greatly reduced or no longer present. 

Results of the assay are presented in table 4. No significant 
difference among treatments, as measured by chick testes or 
thyroid weight, was found. Unfortunately, pituitaries from 
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gilts in lot 1 were not available for assay. A trend of high 
gonadotrophin on low levels of pantothenic acid to lower 
gonadotrophin on higher levels of pantothenic acid was evident 
in replicate 2. More extensive investigation of this relation- 
ship is required. 

TABLE 4 


Hormone content of gilt hypophyses 




















. St GILTS ____ ASSAY ANIMALS 
ANTERIOR _ (CHICKS) 
LOT NO. OF OVARY FOLLICLE CORPORA PITUITARY WT. ” 
no. GILTS WEIGHT INDEX? LUTEA —_—_—_—_—_—__ h.-- 4 pan ma 
WET DRY 
gm mg mg mg mg 


Replicate 1 


1 3 4.6 10 5.3 - - - - 

2 4 10.9 104 11.0 265 70.8 39.6 8.5 
3 3 11.3 161 15.0 303 79.5 34.6 5.8 
4 4 9.6 132 11.8 304 76.7 39.6 7.8 

Replicate 2 

5 4 14.3 145 6.0 213 58.3 41.9 7.6 
6 4 13.8 152 10.8 326 86.4 36.8 7.2 
7 3 11.6 97 12.7 315 85.1 33.5 7.3 
8 2 12.6 128 14.0 269 74.4 28.1 8.2 
Controls, water injected 15.9 6.1 
Controls, non-injected 16.0 5.0 








*The sum of the grossly visible follicles in both ovaries multipliet by their 
respective diameters. 


SUMMARY 


The effect of 4 dietary levels of pantothenic acid on the 
reproductive performance of female swine was investigated. 
After 4 weeks of pantothenate depletion, 32 sexually-mature 
gilts were divided among two replicates with 4 treatments 
per replicate. The total pantothenic acid intake in each 
treatment was 1.5, 5.9, 12.5, or 19.1 mg of pantothenic acid 
per kilogram of diet. 

A dietary intake of 1.5 or 5.9 mg was not sufficient to prevent 
development of pantothenate-deficiency symptoms. The de- 
ficiency affected the Durocs in replicate 1 more severely than 
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the Hampshires and Hampshire-Yorkshire crossbreds in rep- 
licate 2. 

Gilts fed the 5.9mg level conceived, and gestation was 
supported to term. However, abnormal pigs were farrowed. 

Total gestation-lactation performance, as measured by the 
average litter weaning weight of litters farrowed, was 
equal in lots receiving 12.5 and 19.1 mg of pantothenic acid 
per kilogram of diet and was superior to that of lots receiving 
5.9 mg or less. 

The free pantothenic acid content of milk collected during 
the third and 4th week of lactation was significantly less when 
the gilts received only 5.9 mg of pantothenic acid as compared 
with higher levels of intake. Differences in the total panto- 
thenie acid content of the milk were not significant. 

Under the conditions of this investigation, it appears that 
12.5 mg of pantothenic acid per kilogram of diet are adequate 
to support normal reproduction of female swine. 
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INTRODUCTION 


Pecora and Hundley (’51) have reported that the rate of 
gain of rats fed a rice diet, supplemented with lysine and 
threonine, was substantially greater than that of a control 
group receiving rice alone. In that, and in a similar study 
(Harper et al. °55), it was pointed out that the limiting 
amino acids in rice diets, as judged from the chemical com- 
position of rice proteins, are not necessarily limiting from 
the physiological point of view, and that very complex im- 
balances may be produced when certain of the amino acids 
calculated to be limiting are included in the diet. The latter 
authors, who studied the deposition of liver fat in rats 
fed rice diets containing choline, concluded that the relatively 
small supplements of lysine and threonine which brought 
about an increase in the growth rate failed to prevent the 
accumulation of fat in the liver. On the other hand, if the 


1 Published with the approval of tue Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by grants from the National Live 
Stock and Meat Board, Chicago, Illinois and the Gelatin Research Society of 
America, Ine., New York City. The fish meal and the kidney meal were kindly 
supplied by the Viobin Corporation, Monticello, Illinois, and the gelatin by 
Wilson and Co., Chieago, Illinois. 
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level of lysine in the diet was increased to twice the original 
amount (from 0.2 to 0.4%), there was a significant decrease 
in the deposition of liver fat; however, lysine at this higher 
level retarded growth. Of a number of mixtures tested, only 
a combination of all of the essential amino acids was found to 
prevent the growth retardation. 

The following report represents an extension of the above 
work and includes further information concerning the im- 
balance of amino acids in rice diets. 


EXPERIMENTAL 

Weanling male rats of the Sprague-Dawley strain, weigh- 
ing from 40 to 50 gm, were used. The animals were divided, 
with respect to weight, into similar groups of 6 and were 
housed in individual cages with raised screen bottoms. They 
were fed ad libitum and weighed at weekly intervals during 
the experimental periods which varied from two to 7 weeks. 

At the end of the experimental period, the rats were 
stunned and decapitated. The livers were removed and 
stored at —4°C. Fat was determined by ether extraction 
of the dried and ground liver (Hawk and Elvehjem, ’53). 

The rations used for the experiments had the following basic 
composition: Corn oil 5, salts 4 (Hegsted et al. °41) 4, 
choline 0.15 and vitamin mixture 0.25% ; rice and the supple- 
ments of different amino acids and purified proteins as 
indicated in the tables of results and a small quantity of 
sucrose were added to make up 100%. The vitamin mixture 
supplied in milligrams per 100 gm of the ration: thiamine 
HCl 0.5, riboflavin 0.5, niacin 2.5, calcium pantothenate 2.0, 
pyridoxine 0.25, biotin 0.01, folic acid 0.02, vitamin B,, 
0.002, and inositol 10.0. Two drops of halibut liver oil fortified 
with vitamins FE and K were given orally each week (Harper 
et al., ’54b). 

RESULTS 

Since the inclusion of histidine, tryptophan and methionine, 
which appeared to be the most limiting amino acids in the 
rice diet after lysine and threonine, had proven ineffective in 
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preventing the growth retardation caused by lysine (Harper 
et al., ’55), the amino acid calculated to be next limiting was 
included. The data summarized by Flodin (’53), Pecora 
and Hundley (’51), Block and Bolling (’51) and Rose (’37), 
suggested that phenylalanine should be the next most limit- 
ing. The results presented in table 1 (Exp. 1) show that 
the addition of phenylalanine along with histidine, tryptophan 
and methionine to a diet containing the higher levels of lysine 
and threonine (0.4 and 0.5% respectively) did not in any 
way improve growth over that observed with only lysine 
and threonine. When the remaining essential amino acids 
arginine, leucine, isoleucine, and valine were added indivi- 
dually together with the amino acids provided for group 5, 
the liver fat values remained low, but there was still no 
improvement in growth; in fact, a slight depression in growth, 
particularly noticeable in group 8 which received 0.3% of 
L-leucine, was observed. Only group 10, which received all 
of the essential amino acids concomitantly showed a satis- 
factory growth response. 

The problem was then approached in a different way by 
using diets that contained supplements of all of the essential 
amino acids except one, and the results presented in table 
1 (Exp. 2) show that isoleucine, leucine, histidine and, to 
a lesser extent, valine were limiting in these rice diets. 
Methionine and tryptophan held an intermediate position 
whereas arginine and phenylalanine seemed to be relatively 
unimportant as supplements to rice diets. 

Whether these amino acics exerted their effects individually 
or in combination was further studied using diets containing 
the higher and the lower levels of lysine and threonine. The 
data presented in table 1 (Exp. 3) show that isoleucine, 
leucine, histidine and valine together made a very good 
supplement to the rice diet containing lysine and threonine 
and that the supplementary value of these 4 amino acids was 
more marked when lysine and threonine were present at the 
higher levels. The individual members as well as the incom- 
plete combinations did not give any such response. Supple- 
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mentation with methionine and tryptophan did not further 
improve growth. 

Although the rate of gain of rats fed the rice diet supple- 
mented with all of the essential amino acids in amounts 
equivalent to those provided by three per cent of casein was 
definitely improved over that of the control group, the max- 
imum growth obtained in any of the experiments was about 
27 gm per week. Harper et al. (’55) have reported a similar 
growth response in rats fed a rice diet supplemented with 
various proteins at a level of three per cent. As these values 
were lower than those obtained with a good purified diet 
(about 33 to 35 gm per week for a two-week period), it was 
of interest to see whether the rice diet could be improved 
sufficiently to support a similar rate of growth by increasing 
the levels of certain animal protein supplements. 

Figure 1 shows the relative rates of gain of rats fed the 
rice diet supplemented with fibrin, casein, pork, fish meal, 
kidney meal or gelatin at levels of three and 6% over a 
period of two weeks. The results show that 6% of any of the 
proteins used gave an increase in the rate of growth over 
that obtained with the corresponding three per cent level. 
When the level of the supplement was further increased up 
to 12% (studied only with fibrin which is nutritionally an 
excellent protein) little further improvement in growth was 
obtained. The rates of growth obtained with the supplements 
of 6% of pork, fibrin, casein and kidney meal were equal to 
that obtained with a good purified diet; fish meal proved 
somewhat less adequate. The content of liver fat of each of 
the groups that received 6% or more of any of the protein 
supplements approached a normal value. 

Gelatin, which from a nutritional point of view is an 
incomplete protein, gave a substantial improvement in growth. 
However, several attempts to further increase the rate of 
growth of rats receiving rice and gelatin by adding small 
amounts of what were considered to be the limiting amino 
acids were without success. A supplement containing several 
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essential amino acids was required to give a rate of growth 

as good as that obtained with the more complete proteins. 
In view of these observations, it was important to determine 

whether by further increasing the quantities of leucine, iso- 
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Fig. 1 Rate of growth of rats fed rice diet supplemented with various 


proteins at two different levels. 














Rice plus casein 

Rice plus fibrin 

Rice plus pork 

Rice plus kidney meal 
Rice plus fish meal 
Rice plus gelatin 


leucine, histidine and valine a larger growth response could 
be obtained. The results given in table 1 (Exp. 4) show 
that growth was depressed to a small extent when the levels 
of these amino acids were increased and that this was not 
remedied by concomitant increases in the levels of lysine and 
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threonine. A better rate of growth was obtained, however, 
when methionine, tryptophan and phenylalanine were also 
added to the diet. 

The effect of age on the growth response to certain of these 
amino acid supplements was studied and the results are 
given in table 2. The figures for the average gain show the 
superiority of the more complete mixture. It is also interest- 
ing to note that the growth depression observed during the 


TABLE 2 


Effect of age on the rate of growth of rats’ fed the rice diet 
supplemented with amino acids 

















GROUP I? GROUP II GROUP III GROUP IV 
WEEK — — —__——- —_____ 
Gain in wt. Gain in wt. Gain in wt. Gain in wt. 
gm gm gm gm 
1 5.8 17.6 10.7 18.1 
2 7.8 22.7 21.2 25.5 
3 6.7 24.0 25.5 29.9 
4 6.5 23.0 26.3 28.5 
5 5.8 21.9 23.5 36.5 
6 8.0 21.9 23.0 23.0 
7 4.4 19.4 22.7 16.6 
Total wt. gain 45.0 150.5 152.9 178.1 
Gr. I 87% rice diet with no supplement. 
Gr. II 87% rice + 0.2% t-lysine + 0.24% pti-threonine. 


Gr. III 87% rice + 0.4% L-lysine + 0.5% p.L-threonine. 
Gr. IV 87% rice + 0.4% L-lysine + 0.5% pt-threonine + 0.3% t-leucine 
+ 0.44% pt-isoleucine + 0.14% t-histidine HCl + 0.46% pt-valine. 


* The average initial weight was 45.5 gm. 
* Six rats in each group. 


first two weeks with the higher levels of lysine and threonine 
was not evident after three weeks and that thereafter this 
group grew slightly more rapidly than the group receiving the 
lower levels of these amino acids. It may be noted that as 
the diet was improved maximum growth occurred later; in 
group 1 this was during the second week; group 2, third 
week; group 3, 4th week and group 4, 5th week. As with 
the two-week experiments, the fat content of the liver of rats 
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receiving either the unsupplemented rice diet or that sup- 
plemented with the lower levels of lysine and threonine was 
high while that of the groups receiving the diets containing 
the higher levels of lysine and threonine was low. 

As the growth of rats fed diets containing leucine but no 
isoleucine was retarded and as a leucine-isoleucine antagonism 
had been reported by Harper et al., (’54a), the ability of 
isoleucine to counteract this growth retardation was inves- 
tigated using different levels of these two amino acids. From 


TABLE 3 


Growth depressing effect of leucine in rats fed rice diet supplemented 
with lysine and threonine * 





anour L-LEUCINE DL-ISOLEUCINE GAIN IN WT. 





Nno.? 
is a — % = On gm /wk. 
1 19.2 + 1.4 
2 0.3 13.6 + 1.4 
3 0.3 0.44 23.0 + 1.3 
4 0.6 6.1 + 0.9 
5 0.6 0.22 16.3 + 1.4 
6 0.6 ° 0.44 19.6 + 1.3 
7 1.0 to 3 h2 
8 1.0 0.4 16.2 + 1.0 
9 1.0 0.8 16.0 + 0.5 











* The diet contained 87% rice + 0.2% L-lysine + 0.24% pt-threonine. 
* Six rats in each group. 


the results summarized in table 3 it may be seen that when 
leucine was fed at levels of 0.3, 0.6 and 1.0% in the rice diet, 
growth was retarded in all instances. Except at the highest 
level of leucine fed, the retardation was completely overcome 
by isoleucine. Isoleucine, when fed at higher levels (2% in 
the diet), also had a similar though less pronounced growth- 
retarding effect. 


DISCUSSION 


, 


The results of the liver fat determinations are in agreement 
with the earlier observations (Harper et al., 55) that the fat 
content of the liver of rats fed rice diets supplemented with 
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the higher levels of t-lysine-HCl and pt-threonine (0.4 and 
0.5% respectively) are in the normal range, and that this 
is primarily an effect of the additional lysine. The observation 
that the deposition of liver fat followed the same trend in the 
longer experiments as in the shorter ones, i.e. fat accumulated 
in the livers of rats given either no supplement or the lower 
levels of lysine and threonine while the livers of those re- 
ceiving the higher levels were in the normal range, indicates 
that, in contrast to the situation with rats fed 9% casein 
diets (Harper et al., ’54b), the fatty infiltration is of con- 
siderable duration when the lysine content of the rice diet 
is low. Shils and Stewart (’54) have also reported that amino 
acid deficiencies such as tryptophan and lysine, in rice diets, 
cause fatty infiltration of the liver, and Arulanantham (’53, 
54), using a longer experimental period, has demonstrated 
that deficiencies of either amino acids or fatty acids may 
cause an accumulation of liver fat in rats fed rice diets. 
These observations may be of significance with regard to the 
fatty liver associated with kwashiorkor. 

Since the retardation in growth caused by the higher level 
of lysine, which was previously overcome in short experiments 
only by adding all of the essential amino acids to the diet, 
was prevented by the addition of a mixture of leucine, iso- 
leucine, histidine and valine, it is evident that additional 
amounts of these 4 amino acids are sufficient to correct the 
imbalance caused by the higher level of lysine. The observa- 
tion that the decreased rate of growth associated with the 
higher levels of lysine and threonine was not evident after 
two weeks indicates that this imbalance is of significance 
only during the early growth period. 

The retardation in growth caused by an excess of leucine 
and the influence of isoleucine alone in counteracting this 
effect appears similar to the observations made using a 9% 
casein diet (Harper et al., 54a). Whether this represents a 
direct antagonism between leucine and isoleucine, or an 
imbalance created by an excess of leucine is difficult to deter- 
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mine because of the limiting nature of leucine and isoleucine 
in the rice diet. 

The growth results confirm many of the observations re- 
ported previously but necessitate some modification of the 
earlier conclusions. Thus while Pecora and Hundley (’51) 
reported that all of the other essential amino acids along 
with lysine and threonine must be added to the rice diet 
to obtain a further growth response, the present investigation 
shows that leucine, isoleucine, histidine and valine bring about 
the same effect as was obtained with all of the essential amino 
acids. Although a supplement of 6% of a well-balanced 
protein, making a total of approximately 11% of protein 
in the rice diet, Was sufficient to support growth equivalent 
to that obtained with a good purified diet, supplementation of 
the rice diet containing lysine and threonine with quantities 
of leucine, isoleucine, histidine and valine equivalent to those 
provided by 6% of casein (table 1, Exp. 4) caused an imbalance 
which retarded growth. Since increasing the amounts of lysine 
and threonine still further did not improve this condition, 
whereas addition of methionine, tryptophan and phenylalanine 
did improve growth, it is apparent that very complex situa- 
tions may be encountered in studies of amino acid supplemen- 
tation of cereal proteins. Similar observations have been 
reported by other workers. Henderson et al. (’53), using zein 
diets, observed imbalance in which valine and lysine were in- 
volved and with acid hydrolysed casein an imbalance involving 
threonine was found. Salmon (’54), who investigated the 
tryptophan requirement of rats under various conditions, 
concluded that the imbalance effect is a general phenomenon 
that may alter the requirement of any essential amino acid. 
It thus seems possible that the higher levels of amino acids 
used as supplements by Pecora and Hundley could have 
caused imbalances in certain of their rice diets which might 
account for their failure to obtain an improvement in growth 
with incomplete mixtures of essential amino acids. 

With regard to the nutritive value of cereal proteins it 
is significant that the analytical data show the order of 
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deficiency of the amino acids in rice to be lysine, histidine, 
methionine, tryptophan, threonine, phenylalanine, valine, leu- 
cine, isoleucine and arginine; whereas the results of growth 
studies indicate the following order: Lysine, threonine, leu- 
cine, isoleucine, histidine, valine, tryptophan, methionine, 
phenylalanine and arginine. This emphasizes the need for 
increased knowledge of the availability of amino acids from 
intact proteins as a prerequisite to any attempt to determine 
from chemical data the limiting amino acids in diets composed 
largely of cereals. 

It is interesting to note that when rats were fed diets 
containing 11% of protein derived entirely from pork, growth 
was less than when the same level of protein was provided as 
a combination of rice and pork. This stresses the importance 
in practical nutrition of using mixtures of proteins. The 
kidney meal and the fish meal used in this study are of par- 
ticular interest as supplements to plant proteins in view of 
their availability at low cost and the possibility of their 
production on a commercial scale in places where cereals are 
the main ingredients of low protein diets.2 The problem, 
however, may not be as simple as it appears because most 
vegetarian diets lack certain minerals and vitamins as well 
as protein, and a study of the effect of these dietary essentials 
is dseirable before any long range plan for the improvement 
of such diets is undertaken. 


SUMMARY 


The effects of various supplements of protein and amino 
acids on growth and on the deposition of liver fat in rats 
receiving a rice diet have been investigated and the imbalance 
created when the rice diet was supplemented with sufficient 
lysine to prevent the accumulation of liver fat has been 
studied in greater detail. 

A rice diet supplemented with 6% of various animal 
proteins supported an excellent rate of growth and main- 


*Mr. Ezra Levin, Viobin Corporation. Personal communication. 
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tained liver fat at normal levels. A supplement of several 
essential amino acids was required to give similar results. 

In short experiments (2 weeks) the retardation in growth 
caused by including 0.4% of t-lysine-HCl in the rice diet 
was prevented by increasing the levels of leucine, isoleucine, 
valine and histidine. In longer experiments the growth- 
retarding effect of additional lysine disappeared without the 
addition of other amino acids to the diet. 

Supplementation of the rice diet with various combinations 
of amino acids from which one or more of leucine, isoleucine, 
valine and histidine had been omitted resulted in a retardation 
of growth but in all instances in which the diet contained at 
least 0.4% of additional L-lysine - HCl the fat content of the 
liver approached a normal value. Even after 7 weeks an 
accumulation of liver fat occurred unless the rice diet was 
supplemented with this level of lysine. 

The sequence in which the amino acids of polished rice 
became limiting for growth was found to differ markedly 
from that calculated from amino acid analyses. This stresses 
the need for investigation of the availability to the animal 
of the amino acids of intact plant proteins. 

It is suggested that the most practical way of improving 
the nutritive value of rice diets is by supplementation with 
foods containing nutritionally well-balanced proteins. 
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FOUR FIGURES 
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Effects of different dietary levels of manganese are of 
interest because of the evidence of antagonisms existing be- 
tween this mineral and other elements and because of the 
reports of extreme and variable concentrations of manganese 
in forages (Beeson and Matrone, ’50; Beeson, 54; Blakemore 
et al, ’37; Russell, 44; Stuart et al, 50). Previous work 
(Hawkins et al., 55) indicated that feeding high levels of 
manganese to the calf affected the concentration of serum 
magnesium and interfered with calcium and phosphorus me- 
tabolism. Subsequent studies, in which lambs were used, re- 
vealed an apparent interference of manganese with iron 
utilization. Data from these studies form the basis for the 
present report. 


EXPERIMENTAL 


The effects of manganese on hemoglobin formation were 
investigated in two experiments. The first was conducted 
with lambs restricted to a fortified milk diet and the second, 
with lambs fed a roughage diet. 


1 Published with the approval of the Director of Research, N. C. Agricul- 
tural Experiment Station, as paper No. 650 of the Journal Series. The data 
were taken from a thesis submitted by the senior author in partial fulfillment of 
the requirements for the Master of Science degree. 

* Supported in part by the Tennessee Valley Authority, Knoxville, Tennessee. 
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Experiment 1 


Procedure. Eight ewe and 8 wether lambs, ranging in age 
from 7 to 19 days, were the test subjects. The lambs were 
assigned to individual wooden pens having elevated floors 
of aluminum-painted wire screen. During a preliminary pe- 
riod of one month, these lambs were fed fresh cow’s milk, 
from nippled bottles, at a rate of one pound of milk per 5 
pounds of body weight daily. Additional vitamins, A and D, 
were administered in capsules (5000 I.U. of vitamin A and 
500 1.U. of vitamin D per capsule *) on alternate days. 


TABLE 1 


Levels of manganese added to the basal diet 








at different periods in the experiment 
PERIODS MANGANESE SUPPLEMENTATION y unk 
‘No. | Weeks Mn, Mn, Mn, Mn, 
ppm ppm ppm ppm 
1 0-12 0 5 15 45 
2 12-20 0 5 30 90 
3 20 - 24 0 - 450 900 
4 24-35 0 - 2500 5000 





* Supplements of manganese (MnSO,- H,Q) were added to the whole milk diets 
on the basis of the total solids content. 


The principal component of the experimental diets was 
whole milk, which was fortified with 50 ppm of iron,* 5 ppm 
of copper,‘ and 0.1 ppm of cobalt * on a dry matter basis. As 
shown in table 1, the dietary treatments consisted of 4 levels 
of manganese, designated as Mno, Mn,, Mn., and Mng, during 
periods 1 and 2, and three levels, Mn,, Mn., and Mns;, during 
periods 3 and 4. The supplements of manganese were in- 
creased gradually in successive periods. Two ewe and two 
wether lambs were randomly assigned to each experimental 
diet. Because of the death of three test lambs (two on Mn, 
and one on Mn,) during periods 1 and 2, the Mn, treatment 

*Code No. 200 capsules supplied through the courtesy of the Gelatin Products 


Division of R. P. Scherer Corporation, Detroit, Mich. 
* FeSO,.H,O, CuSO,5H,O and Co(C,H,O,),.4H,O were the compounds used. 
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was discontinued after period 2. The lambs on this treatment 
were reassigned to the remaining diets. The amount of the 
diet offered was adjusted to body weight at weekly intervals 
until the maximum intake was reached. From this time until 
the end of the experiment the lambs were fed as much as 
they would consume at each feeding. 

Responses to the treatment were evaluated from data on 
the hemoglobin concentrations of the whole blood and the 
iron and copper concentrations in the blood serum. Samples 
of blood were collected from the jugular vein of the lambs 
before the experimental regimen was initiated and at regular 
two-week intervals thereafter. Hemoglobin concentrations 
were determined by the method described by Shenk et al. 
(’34). Iron and copper were measured by a method described 
by Matrone et al. (’47). At the end of the experiment, 6 
wether lambs, two from each treatment, were slaughtered. 
Samples of the liver, kidney, spleen, and heart were analyzed 
for iron and copper. 


RESULTS 


Hemoglobin. As shown in figure 1, the mean biweekly con- 
centrations of hemoglobin of the test lambs receiving the 
Mn, level of manganese were lower than those of the lambs 
fed the other levels. An analysis of variance of these data 
indicated that the difference between the highest level, Mns, 
and the other levels was significant (P = 0.01) in all periods. 
A further analysis of the data indicated that there was no 
significant difference among treatments Mn,, Mn, and Mn, 
in any of the periods. 

Iron. The serum iron concentrations for the lambs on 
treatment Mn, decreased during period 1 and had the lowest 
mean concentration during period 2, as shown in figure 2. 
An analysis of the linear regression coefficients, measuring 
the change in serum iron with time, revealed a significant 
(P =0.05) linear difference among diets for period 1. This 
difference is interpreted to mean that the level of serum iron 
of the animals on treatments Mn,, Mn,, and Mn, increased 
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with time, whereas the serum iron of animals on Mn, de- 
creased. Thus, the highest intake of manganese was asso- 
ciated with the lowest serum iron value. 

Copper. The experimental treatments had no significant 
effect on the serum copper concentrations of the lambs in 
any of the periods. The mean concentration of serum copper 
for all experimental lambs increased with each successive 
period; the mean values during periods 1, 2, 3 and 4 were 
69, 112, 123 and 142 yg per 100 ml of serum, respectively. 


TABLE 2 


Concentrations of iron and copper in the liver, kidney, 
spleen and heart of the lambs (experiment 1) 


CONCENTRATION OF IRON AND COPPER IN ORGANS 




















Po Liver Kidney Spleen Heart 
Fe Cu Fe Cu Fe Cu Fe Cu 
9 ug per gmdry weight 

Mn, 178 622 173 29 803 1l 156 29 
Mn, 152 734 187 39 879 8 122 14 
Mn, 110 1185 110 27 198 8 125 18 
Mn, 94 1251 125 19 202 3 109 18 
Mn, 94 2751 23 22 171 9 65 7 
Mn, 99 2521 174 28 236 18 123 13 





1 Each treatment represents the values obtained from one lamb. 


Composition of organs. The results of the analysis of the 
organs are shown in table 2. From these data it is apparent 
that the high dietary levels of manganese were related to 
decreased concentrations of iron in the organs. In the liver 
the decrease in the concentration of iron was associated 
with an increase in the concentration of copper. 


Experiment 2 


Procedure. Eight lambs from 6 to 9 days of age were 
nursed on unsupplemented cow’s milk for approximately 
two months prior to feeding of the experimental diets. During 
the second month of this preliminary period, the lambs were 
bled periodically until the concentration of hemoglobin de- 














MANGANESE AND HEMOGLOBIN FORMATION 435 


creased to 4 to 6 gm per 100 ml of whole blood, at which stage 
they were placed on experiment. 

The basal diet of the experiment consisted of 60% excellent 
quality chopped soybean hay, 32% glucose,® 4% casein, and 
4% cottonseed oil. The three manganese treatments under 
study were: (1) basal, (2) basal + 1000 ppm of Mn, and 
(3) basal + 2000 ppm Mn (hereafter referred to as Mn’,, 
Mn’, and Mn’;). The lambs were randomly assigned to the 
diets. Three lambs received the Mn’,, three the Mn’; and two 
the Mn’, diet. 

As the animals increased their consumption of the experi- 
mental diets, the whole milk was reduced gradually to 500 ml 
per day and the roughage diets were increased to the level 
of one pound per day per lamb. One thousand parts per 
million of manganese, based on the dry matter content, were 
added to the milk supplement of these lambs receiving the 
Mn’, and Mn’, diets. Because of this procedure the Mn’; diet 
contained somewhat less (1986 ppm) than 2000 ppm of man- 
ganese. This small discrepancy was ignored in the results 
presented. 

Each lamb remained on the experimental treatments for 
11 weeks. Observations on the concentrations of blood hemo- 
globin, serum iron, and serum copper were made immediately 
before feeding the test diets, throughout the feeding period 
and for a period of three weeks after the manganese additions 
were discontinued. 


Results 


Hemoglobin. As shown in figure 3, the weekly mean con- 
centrations of hemoglobin in blood of lambs fed the basal 
diet increased more rapidly than in animals receiving either 
the 1000 ppm of manganese or the 2000 ppm. These data 
indicate that feeding high levels of manganese retarded the 
regeneration of hemoglobin. It is apparent, however, that 


5“<Cerelose,’’ Corn Produets Refining Company, New York, N. Y. 
* Wesson Oil and Snowdrift Sales Company, New Orleans, La. 
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the difference between the treatments of 1000 ppm and of 
2000 ppm manganese was negligible. 

Iron. The biweekly mean values of serum iron from the 
second through the 14th week are shown in figure 4. The lambs 
receiving 1000 ppm and those receiving 2000 ppm of manga- 
nese had lower concentrations of serum iron than those fed 
the basal diet. There was no significant difference, however, 
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between the concentrations of serum iron from the 1000 and 
the 2000 ppm manganese treatments. The removal of supple- 
mental manganese from the diets (11th week) was followed 
by a rise in the level of serum iron of the lambs previously 
fed manganese, but this respense occurred earlier in the 
group fed 1000 ppm manganese than in the group fed 2000 
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Copper. The concentrations of serum copper showed no 
effects ascribable to the manganese treatments. The mean 
serum copper concentration of all the lambs decreased from 
84 yg per 100 ml of serum at the beginning of the experiment 
to 55 ug per 100 ml of serum on the 12th week. 


DISCUSSION 


When lambs depleted of iron were fed this element either 
as an inorganic salt in the milk diet or as a natural con- 
stituent of a roughage diet, the presence of excessive man- 
ganese depressed or retarded hemoglobin formation but had 
no perceptible effect on productive functions, including growth. 
The adverse hematopoietic responses may be explained in 
several ways: the excessive manganese may interfere with 
(1) the absorption of iron, (2) the formation of hemoglobin, 
and (3) the combination of (1) and (2). 

Since the concentrations of iron in the sera, livers, and 
spleens of lambs fed appreciable quantities of manganese 
were low, the probabilities are that manganese interfered 
with iron absorption rather than with hemoglobin formation 
per se. A further indication that iron absorption was reduced 
in lambs fed manganese was the decreased concentration of 
iron in the liver accompanied by an increase in copper stores, 
a relationship synptomatic of iron deficiency (Hahn and 
Fairman, ’36). It is suggested that excessive manganese 
either converts iron to a form physiologically unavailable or 
in some manner antagonizes the enzyme systems that oxidize 
or reduce iron at the site of absorption. Further studies on 
the mode of action of excessive manganese in the utilization 
of iron are being conducted. 


SUMMARY 


In two experiments young growing lambs were depleted 
of iron either by an iron deficient diet or by a combination 
of the diet and phlebotomy. In the first experiment, a whole 
milk diet fortified with iron, copper, cobalt and vitamins A 
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and D was supplemented with various levels of manganese. 
A level as low as 45 ppm of manganese fed to young lambs 
brought about a decrease in the concentration of hemoglobin 
and of serum iron. Higher levels of manganese, up to 5000 
ppm, were associated with decreased concentrations of iron 
in the liver, spleen and kidney. 

In the second experiment anemic lambs were fed a rough- 
age diet supplemented with three levels of manganese, 0, 1000, 
and 2000 ppm. Hemoglobin regeneration was markedly re- 
tarded and serum iron depressed in lambs fed diets containing 
either 1000 ppm or 2000 ppm of manganese. 

The data indicate that manganese interferes with iron 
absorption rather than with hematopoiesis. It is postulated 
that excessive manganese antagonizes the enzyme systems 
that oxidize or reduce iron at the site of absorption. 
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During the investigations of the effect of hypophysectomy 
on dental caries a pronounced failure to gain weight normally 
resulted in the young hypophysectomized rats, as would be 
expected (Shafer and Muhler, ’55). Since the hypophysec- 
tomized rats ate considerably less food, and since dental 
caries production in the rat is intimately related to the in- 
gestion of a coarsely ground corn or rice diet, it became of 
interest to determine what effect caloric restriction of an 
adequate diet known to induce caries would have on the 
incidence of dental caries. This problem has not been directly 
studied previously, but is considered to be of importance in 
order to establish more clearly the role of food intake and 
dental caries in the rat. If food intake is of importance it 
may well explain some of the variability in dental caries 
incidence always encountered in such studies. 

Stephan and Harris (’55) have recently commented on the 
relationship of the growth of rats to their caries suscepti- 
bility and report that in experiments with animals of the 
Sprague-Dawley strain the greatest amount of smooth sur- 
face caries was generally found in individuals which gained 
the least weight. However, fissure caries showed no such 
relationship. Rats of the ‘‘Yale’’ strain showed no corre- 
lation of weight gain with susceptibility to dental caries of 
any type. Furthermore, since frequency of food ingestion 
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in the human is considered to be related to the dental caries 
experience, it was also of interest to study these variables. 

The purpose of this investigation, then, was to study the 
effect of chronic inanition as well as the effect of frequency 
of food ingestion on the dental caries experience in rats 
receiving a diet known to induce a moderate degree of caries 
(Muhler, °55). 

EXPERIMENTAL 


A total of 160 weanling rats of the Sprague-Dawley strain 
were divided into 5 series for use in these experiments. Each 
series was further subdivided according to sex. Series I was 
the control group and received food ad libitum. The animals 
of series II received 60% of the food eaten by the control 
group while those in series III received 40% of the food 
eaten by the control group. This was accomplished by hous- 
ing the animals in individual cages and dividing them into 
sets of three each in such a manner as to be assured that each 
restricted food mate of the control group received exactly 
60 or 40% of the food eaten each day by the control member 
fed ad libitum. The animals of series IV received food ad 
libitum three times a day for a one-half-hour period beginning 
at 8a.m., 12 noon and 6 p.m., while those in series V received 
food ad libitum but for only one and one-half hours once 
a day beginning at 8a.m. All of the animals received the 
same stock corn cariogenic diet (Muhler, 55) and fluorine-free 
re-distilled water. The animals were kept in an air-conditioned 
room. The duration of the experiment was 140 days, after 
which time the animals were sacrificed by ether and the 
heads examined for dental caries by methods previously 
described (Muhler, Nebergall and Day, ’53). 






















RESULTS AND DISCUSSION 










The combined results from these experiments are found 
in table 1. The male control animals had a mean number of 
9.4 cavities and the females 7.4. In the rats of both series IT 
and series III a pronounced reduction in the incidence of 
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dental caries was found. These data show that, under these 
conditions, the amount of food eaten is correlated with the 
development of experimental dental caries. Since these data 
clearly indicate that the caloric intake of the coarse corn 
diet must be related to the incidence of dental caries in the 
rat, it may well be that female rats of the Sprague-Dawley 
strain show a lower caries incidence because of the ingestion 


TABLE 1 


The effect of food restriction on the incidence of experimental 
dental caries in the rat 





SERIES NO. OF NO. OF FINAL TOTAL FOOD 





RATS SEX LESIONS WEIGHT CONSUMLD 
gm gm/rat/day 
I Ad libitum, 
control 12 Male 94+ 2.1 357 14.5 
18 Female 7.42 1.6 232 10.8 
II 60% restriction 12 Male 2.6 + 0.12 248 8.7 
18 Female 1.2 + 0.06 179 6.9 
III 40% restriction 12 Male 1.0 + 0.09 178 5.9 
18 Female 0.4+ 0.01 130 4.7 


IV Ad libitum, 
3 times daily 12 Male 2.7 + 0.10 300 
14 Female 1.2 + 0.05 190 


Vv Ad libitum,? 
once daily 12 Male 1.9 + 0.08 239 
16 Female 0.4 + 0.02 158 
*The animals in series IV were allowed food for three one-half-hour periods 
each day; those in series V for one period of one and one-half hours. 





of less food. These data suggest that more careful considera- 
tion be given to the total amount of food eaten by rats which 
are under investigation for dental caries. 

There appears to be a tendency for the animals receiving 
40% of the amount of food eaten by those in the control group 
to have less dental caries than those receiving 60%, but a 
statistical analysis of these data indicate them to be signifi- 
cant only at the 0.5 level of confidence. 
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The frequency of food consumption also seems to affect 
the experimental production of dental caries, for when the 
food was available three times a day there was a tendency 
for more caries than when the food was available only once 
a day but for the same period of time. This latter observation 
is consistent with the caries experience that might have been 
expected since there appeared to be a tendency for the ani- 
mals receiving food three times a day to eat more than those 
eating but once a day. This is indicated also by the fact that 
the animals in series IV weighed considerably more than 
those in series V. However, these differences are not signifi- 
cant even at the 0.05 level and thus indicate only a tendency 
for more caries in the animals receiving food three times a 
day. It appears that these differences can probably be ex- 
plained on the basis of differences in quantity of food eaten 
rather than frequency of feeding. However, this point needs 
further investigation. 

In a previous study in which the incidence of dental caries 
was determined in hypophysectomized animals (Shafer and 
Muhler, ’55) there was a significant increase in the operated 
animals in comparison to similar unoperated animals. In 
the former group there was a pronounced reduction in food 
consumption and also in body weight. It was estimated that 
in these animals the food reduction was approximately 60%. 
If caloric restriction was responsible for the increase in dental 
caries a similar increase should have occurred in the animals 
of series IT in this study. Thus it appears that the increase 
in dental caries noted in the hypophysectomized animals was 
a result of the hypophysectomy and not food restriction alone. 

These findings are interesting also in any consideration of 
the mechanism of caries initiation. If dental caries in the 
rat is a result of cusp fracture and subsequent dissolution 
of the enamel and dentin resulting from the coarse corn diet, 
then one would expect to find a reduction in dental caries in 
the animals receiving less food, but probably not of the order 
of magnitude as reported here. Furthermore, it was con- 
sistently found that as high a number of fractured cusps 








FOOD RESTRICTION AND DENTAL CARIES 445 


occurred in the animals of series IJ and III as in the controls, 
but with no caries progression. Instead, there was an un- 
usually high number of arrested caries. In short, there ap- 
peared to be the same amount of fractured cusps, also caries 
initiation in other areas of the tooth besides the fractured 
areas, but little caries progression in these animals. Addi- 
tional work is needed to clarify the mechanism by which 
dental caries is initiated and extended in the rat. 


CONCLUSIONS 


The total amount of dental caries occurring in the rat was 
in large measure dependent upon the amount of food eaten. 
When the cariogenic diet was restricted to 60% of the food 
eaten by the animals in an ad libitum control group there 
was approximately 80% less dental caries, and when the diet 
was restricted to 40% there was approximately 90% less 
dental caries. 
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BORDEN AWARD IN NUTRITION 


Nominations are solicited for the 1956 Award and a gold 
medal made available by the Borden Company Foundation, 
Inc. The American Institute of Nutrition will make this award 
in recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutri- 
tive significance of the components of milk or of dairy prod- 
ucts. The award will be made primarily for the publication 
of specific papers during the previous calendar year, but the 
Jury of Award may recommend that it be given for important 
contributions made over a more extended period of time not 
necessarily including the previous calendar year. The award 
is usually given to one person, but if in their judgment cir- 
cumstances and justice so dictate, the Jury of Award may 
recommend that it be divided between two or more collabo- 
rators in a given research. The Jury may also recommend 
that the award be omitted in any given year if in its opinion 
the work submitted does not warrant the award. Membership 
in the American Institute of Nutrition is not a requisite of 
eligibility for the award. Employees of the Borden Company 
are not eligible for this honor. 

The formal presentation will be made at the annual meet- 
ing of the Institute in the spring of 1956. To be considered 
for the award, nominations must be in the hands of the Chair- 
man of the Nominating Committee by January 1, 1956. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate consideration 
for the award. For details of nomination procedure, write to 
Chairman of the Nominating Committee. 


Chairman, Nominating Committee: 
Dr. GLADYS Everson 
Department of Home Economics 
University of California 
Davis, California 








JOURNAL OF NUTRITION 


OSBORNE AND MENDEL AWARD 


Nominations are invited for the Osborne and Mendel Award 
of $1000.00 established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporary 
papers of outstanding significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in 
the Institute of Nutrition is not a requirement for eligibility 
and there is no limitation as to age. 

Nominations may be made by anyone. Nominations for the 
1956 Award, accompanied by data relative to the accomplish- 
ments of the nominee, must be sent to the Chairman of the 
Nominating Committee before January 1, 1956. For details 
of nomination procedure, write to Chairman of the Nomi- 
nating Committee. 


Chairman, Nominating Committee : 
Dr. Orro A. BESSEY 
Department of Biochemistry and Nutrition 
University of Texas Medical Branch 
Galveston, Texas 





